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PREFACE TO THE TRANSLATION. 

A GLANCE at the original work convinced me that I had to 
deal with a task different from that which falls to the lot of 
one who undertakes to render into readable English an 
ordinary handbook of Otology, where considerable latitude 
of style is allowed. 

In the present work, where precise rules as to special 
dissections and modes of preparing the various parts of the 
organ of hearing are given, it has frequently been unavoid- 
able to translate almost literally. 

I hope, however, that reasonable Umits have not been 
exceeded when it was found advisable to sacrifice smoothness 
of style to faithful rendering of very minute, though most 
important details, in the exhaustive treatment of the subject 
by so eminent an authority as Professor PoUtzer. 

Attention is called to the lettering in 29 of the 164 
illustrations, which were printed from cliches used for the 
Ensflish edition of the Author's Text-Book of Diseases of 
the Ear. 

GEORGE STONE. 

88, Rodney Street, Liverpool, 
October, 1891. 



To Mr, George Stone^ Aural Surgeon^ Liverpool. 

Dear Mr. Stone, 

I have read with much interest the translation of 
my work, " Zergliederung des Gehororgans," which you 
were good enough to send me ; and I cannot but con- 
gratulate you on the patience bestowed upon it, and on 
the remarkable exactness in the rendering, both as regards 
scientific interpretation, and clearness and conciseness of 
style, which invest the translation with the character of 
an original work. 

As our confi^eres in England and America, in common 
with the Otologists in other parts of the world, highly 
esteem the memory of your great countryman, Joseph 
Toynbee, the founder of the Pathological Anatomy of the 
Ear, and have always shown the liveliest interest in matters 
of exact anatomical science, they will, no doubt, give your 
work a favourable reception. 

Accept my thanks for having honoured my monograph 
with a translation into your beautiful mother-tongue, and 
be assured of my best wishes for the success of your con- 
scientious labours. 

Yours sincerely, 

PROF. DR. A. POLITZER. 
Vienna, October, 189L 
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The progress which during recent years has been attendant upon 
medical research in the field of Otology has been most marlted. No 
doubt the sound pathological methods pursued in modern investiga- 
tion into this subject have contributed very largely to this desirable 
condition of things, and have materially assisted to popularize the 
hitherto neglected study of the anatomy of the human ear. Ever 
"nee the labours of Toynbeo, it has been fully realized that a know- 
idge of the pathological anatomy of the organ under discussion 
I absolutely necessary to a right comprehension and successful treat- 
its diseases. The complicated character of the structure of 
ihe organ of hearing, and the involved nature of its connections with 
" Q adjoining structures and cavities, are such that they can only be 
JDtelligently studied by frequent practice in the preparation of speci- 
Those who look for instruction on the subject of the structure 
i the ear from preparations ready to hand, or are satisfied with 
Hctorial illustrations and letter-press description, will never acquire a 
porough knowledge of the topographical position of the various 
karts of the car. To the aural surgeon in particular, piactice in 
tection work is indispensable. It is only by unremitting study and 
lanipulation of specimens that he can hope to atLaln to that degree 
F confidence so necessary to produce satisfactory results, when per- 
(orming an operation in such close proximity to organs of vital im- 
Wrtance. If any further argument were necessary to show that a 
IBthodical study of models is a sine qud non of proficiency in this 
lepartment oY medical research, it is to be found in the fact that it is 
oly by a thorough acquaintance witb the topographical relations of 
jbe parts of the normal ear that anything like a safe theory can be 
oaulated as to the conditions obtaining in the abnormal ear under 
lervation. The beautiful anatomical work of Scarpa, Breschet, and 
%a artistic preparations of Sommering, Ilg, Hyrtl, and others, are 
latly to be admired, although the methods of dissection bequeathed 
^em by the older anatomists could only be denominated imperfect. 
iV>r ordinary purposes, however, a more simple type of model suffices. 



INTRODUCTION. 

Specimens should be prepared oitlier for practice in dissection, i 
for illustration in teaching; and the simpler their construction, pro- 
vided of course they are scientifically true, the more efficacious will 
they prove. 

The first recorded attempt to arrive at a knowledge of the organ 
of hearing by the assistance of dissection, dates back to the sisteenl.h 
and seventeenth centuries, when the revival of the science of anatomy 
gave ao great an impetus to the study of such phases of medical science. 
In spite of this, however, Fallopius, Ph. Ingrassias, Bartholomeo 
Eustachio, Valsalva. Cassebohm, Casserius, Fabricius ab Aquapen. 
dente, have transmitted to posterity but few practical hints relative 
to the dissection of the human ear. From this period, down to a 
comparatively recent date, the subject has hardly attracted that 
attention and consideration which its importance merits. Toynbee, 
Hyrtl, Van den Broek. Sappey, Von Troltsch, Kolliker, Voltolini. Moos, 
Zaufal, Brunnor, Biidinger, Zuckerkandl, Luc;c, Wendt, Schalle, 
Schwaibe and others, while they have given to the world an elaborate 
■wealth of detail relative to aural anatomy, have hardly treated the 
matter with that comprehensive scope which is so necessary to enable 
students to obtain a grasp of the whole subject. 

This fact, combined with the expressed wish of many of those who 
attended my lectures, has induced mo to venture to bring together in 
clear manner the result of modern scientific research in this most 
interesting field of anatomical inquiry. For the past twenty-five years 
I have pursued, during the intervals of leisure from ray professional 
otological work, an uninterrupted study of the normal and patho- 
logical anatomy and histology of the ear, and I may say that the 
resultant knowledge and experience thus gained, together with 
matter collected for lectures, form a basis which has proved invaluable 
to me in preparing the present work. 

In dealing with the various methods of preparation which are 
employed in the anatomical and histological dissection of the ear, 
I have endeavoured to be as minute as possible, and the aim kept in 
view has been the finding and the representing with facility the 
various parts of the organ in their respective positions. Tho same 
section of the work treats of the best methods of presen'ing a collec- 
tion of preparations, whether wet or dry, and the moans to be em- 
ployed in adjusting and mounting them, I have contented myself, 
relative to making the technical proceeding available for pathologico- 
anatomical study, merely with the main features, because the manifold 
morbid changes in the middle ear, and the frequently complicated 
alterations in the temporal bone, woiild render it impossible to give 
;ion of all cases occurring in dissection. I am convinced 
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INTRODUCTION. XV 

that the best means of hitting upon the right method of preparation 
in complicated pathological eases, is to be thoroughly acquainted 
with the technicalities of the work of dissecting the normal ear. 

A considerable portion of the work is devoted to the histological 
examination of the organ of hearing. I need hardly point out how 
important is this section of the subject. Those who have studied the 
results of recent researches in this branch of the subject, and more 
especially in the pathological histology of the labyrinth, must admit 
that this phase of the science is yet in its infancy, and that it offers a 
most enticing field for original investigation. The difficulties, how- 
ever, presented by the complicated relative structures of the mem- 
branous labyrinth are necessarily very great, but these will be 
reduced in proportion as the methods of examination employed 
increase in efficiency. As an example of what recent investigation 
has achieved, I need only allude to the important progress made in 
the histological representation of the human labyrinth on the basis of 
the latest results of microscopical investigation, results which un- 
doubtedly are the foreshadowing of great advance in the pathologico- 
anatomical examination of the labyrinth. 




THE ANATOMICAL AND PATHOLOOICO-ANATOMICAL DISSBOTION 

OF THE OROAN OF HEARING. 

I. 

Instrxjsients necessary for the Preparation of the Organ 

OF Hearing. 

The work of preparing the organ of hearing is mat«riiiUy facilitated 
by the use of instruments adapted to the purpose. Their Dumber 
and selection must always depend upon the object of the examination. 
Those who merely wish to study the coarser anatomical relations of 
the organ will find a few, such as scalpel, saw, hammer, chisel, fixing 




r foicepB, quite sufficient. But those who desire to thoroughly investigate 
I the organ, or to make a complete pathologico-anatomical dissection 

of it, must employ a more complete set of instruments, and I will 

here briefly describe what I use in my preparations : 

An anatomical saw, similar to an amputation saw, for opening the 



I cTftnial cavity, and for removing the organ from the base of the skull. 
For the latter purpose a curved saw (Fig. 1) is recommended, the 
blade of which can be tightened by means of a steel screw. 

A short fret-saw (Fig. 2) for sawing the organ of hearmg and the 
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2 INSTRUMENTS. 

Structures of the naso-pharynx out of the base of the skull. The 
length of this saw measures 10 cm., the breadth at the posterior 
end 1 cm., at the anterior end 3 mm. 



A strong chisel 2i-3 cm. broad for the purpose of chiselling off the 
praparatjon from the base of the skull ; further, two smaller straight 
ones (Fig. 3), 5 mm. and 3 mm. broad, and a hollow chisel (Fig. 4), 



3 mm. broad, for removing the walla of the auditory meatus, the 
roof of the tympanic cavity, and for opening the mastoid 
and the cavity of the labyrinth. 



A lai^ and a small iron hammer, also a wooden mallet (Fig. 5) ; 
the former for chiselling out the preparation from the base of the 
skull, the latter for the finer work on tho bone. 



An elevator (Fig. 6) and a fixing forceps (Fig, 7) for lifting out from 
the base of the skull the preparation when separated with saw and 
chisel, but still connected with the soft structures. 



A large scalpel, so-called cartilage knife (Fig. S), for separating the 
soft parts, when taking out the preparation isolated by saw and chisel, 
and for dividing the temporo-maxillary articulations. 

Several scalpels of various sizes, for the anatomical preparation 



INSTECMEHTS. 



wthe soft parts, also a narrow knife (Fig. 9) for cutting through the 
tendon of the tensor tympani and the incudo-stapedial articulation. 



arr.Tal 



A raspatory made of hard steel, running to a point and provided with 
f a wooden handle (Burckhardt-Merian), for thorough removal of the soft 




I structures, the insertions of tendons, and the periosteum from the bone, 
A good-sized spring bone forceps ending in a point (Fig. 10), for 




reaking off the larger pieces of bone, and two smaller forceps, for taking 
V the smaller particles (Leiter, Vienna). 



INSTBUMEST3. 

A lai^ and a small curved fret-saw, for making sectioiiB and for 
cutting away the larger portions of bone. For coarser sawing, blades 
Nos. 2, 3, 4, and for finer, Nos. 00, 0, 1. are used (Schadelbauer, Vienna). 

Three or four graving tools (French burin) of different widths 
(Fig. 11) (Vautier 45-38, Fig. 12, a, b, c), and several adjusting tools 



^ 



(Fig. 12, j) which are chiefly used in the preparation of the osseous 
labyrinth. For the finer work on the latter, use may be advan- 
tageously made of various scrapers, as shown in Fig. 13, s, s'. 

A strong, coarse file, two sharp flat files, two or three round filaa 
of different strengths, several pointed files and needle files. 



A drill (Fig. U). 

Several preparing needles, blunt and pointed hooks {Fig. 15). A 
straight, strong pair of scissors, one blade blunt and the other pointed ; 
a pair of bone scissors ; a pair of scissors curved on the flat, and two 
pairs of finer pointed scissors ; a grooved director (Fig. 16), metal and 



whalebone probes. A strong, but finely-pointed, anatomical pincette 
(Fig. 17), several smaller, finer pincettes, and various camel's-hair 



A ball syringe or wash bottle ; several glass vessels of various sizes 
some deep and some shallow ; small saucers and watch glasses ; conical 




metal canulas and wooden olives fi-xed on india-rubber tubing, the 
latter for condensing and rarefying the air in the e.xtemal meatus. 

A lens or a microscope, for magnifying the details during the 
preparation, and a reflector for illuminating from time to time the 
external meatus, the membrana tympani, and the tjTnpanic cavity. 
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Several glass tubes 2-4 mm. wide, terminating in a point; thin 
small manometric tubes 5-6 mm, long and 0, 5 mm. wide, for 
m«asuriiig the labyrinthine pressure and for proving the mobility 
of the stapes, and a number of glass threads, for testing that of the 
ossicula. 

For the preparation of the organ of hearing a small vice ia 
indispensable, notwithstanding the contrary assertions of some 
anatomists. Although for many manipulations, holding fast the 
preparation with the left hand in a linen cloth, or resting it against 
a board, on which two strong projecting ledges are fastened in one 
comer, is sufQcient, yet for cutting fine sections and for carefully 
chipping off and filing away remains of bone, the fixing of the 
preparation in the vice cannot be dispensed with. The manner of 
fixing, however, requires care, because some parts of the temporal 
bone, especially the outer wall of the tympanic cavity and the parts 
surrounding the sulcus tymp., may be fractured, and the membrana 
tympani torn, from too strong pressure of the vice. Best adapted 
for fixing the preparation in the vice are the squamous portion of the 
temporal bone, the mastoid process and its place of union with the 
posterior end of the petrous bone, and for some cases, the anterior 
portion of the pyramid. 

Precautions to be taken a^aiiist Septic Poisoning while 
dissecting the Organ of Hearing. 

In the preparation of the organ of hearing, the same rules as 

regards preventive measures against any wounds and their conse- 

qnences are generally to be observed, as in making post-mortoms. 

The most frequent injuries occur with beginners, chtefiy in consequence 

of faulty handling of the pointed forceps. When the preparation is 

held in the left hand, it very easily happens that in breaking off 

particles of the bone, or in opening the upper wall of the tympanic 

cavity, the forceps slip, and the points forcibly enter the left hand. 

One should therefore, from the first, accustom one's self so to hold 

I the preparation and forceps that, when the instrument slips, the points 

I may glide in a direction opposite to the palm of the hand. When 

EUsing the saw in cutting sections, or when removing portions of bone, 

■the preparation should always be fixed in the vice, and never held 

lith the left hand, because any shifting of the saw might cause very 

rdangerous lacerated wounds. 

Another frequent cause of injury in the work of preparing lies in 

^ the spiculfB of bone which remain behind, when the preparation is 

iken out of the skull, and which, for want of sutQcient core on the 
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6 PHECAUTIONS AGAINST SEPTIC POISONING. 

part of the operator, cause rather severe scratches on the skia One 
should therefore never neglect, before working at ft preparation of 
the temporal bone, to remove all projecting bita of bone with forceps 
and file. 

Bearing in mind the sad examples of cadaveric infection, the 
utmost caution should be observed, as frequently preparations are 
made, where the patient has died of some infectious disease, such as 
typhus, scarlatina and diphtheria. Especially dangerous are cases 
where individuals have died of sinus phlebitis and pyiemia, and 
where consequently the greatest caution should be exercised in handling 
the preparations of the ear. 

One ought never to neglect, in such an examination, to see that 
hands and fingers are free from scratches or excoriations. Where 
this is the case, it is advisable to postpone the work of preparation, 
and for the purpose of preserving the object, it should be placed 
either in Riidinger'a Preservative Fluid (consisting of 800 parts 
glycerine, 190 parts carbolic acid, and 12 parts alcohol), or in 
Wywodzew's Solution (thymol 5'0, alcohol 4o'0, glycerine 21G0'0, 
aqua destillata 10800), and not to undertake the dissection until 
the scratch in the hand has cicatrized. The same precaution should 
be observed in the dissection of less dangerous objects, yet one may, 
in pathological preparations, where the morbid appearances would 
be too much changed by a preservative fluid, and a postponement of 
the dissection would be detrimental, so protect the excoriated parts 
with a bandage, prepared with iodoform-, carboHzed-, or sublimate- 
gauze, or by means of an indiarubber glove, that infection of the 
injured parts becomes impossible. 

As it is well known that there are individuals who have a great 
disposition to become infected with septic matter, so much so that 
even with intact skin the poison penetrates through the epidermis 
into the living tissue and produces sometimes lighter, sometimes 
severer, forms of post-mortem boils or lymphangitis, it is advisable 
for individuals so predisposed (Siichtige Individuen, Virchow) to 
undertake the dissection only of such preparations as have been kept 
for some days in one of the above-mentioned preservative fluids, and 
thus becQ completely disinfected, so that septic poisoning of ii^uied 
parts is hardly possible. 

if, during the dissection, an injury occur to the finger or hand, no 
matter whether the preparation be disinfected or not, it is advisable, 
as Nussbaum suggests, to immediately firmly tie the place above the 
injury with a tape always kept at hand, so as to prevent the reflux 
of the venous blood and the septic poison from being drawn into 
the general circulation. After that, a continuous stream of water 
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^H should be allowed to flow over the wound for several minutes, while, 
w^M with the other hand, the blood is pressed from the parts above the 

wound towards it, whereby the poison, on reaching it, is washed out 

with all the more certainty. 

I When the wound has been sufficiently washed, the ligature which 
has been checking the circulation may be removed, and an antiseptic 
bandage applied. As the eHect is the more certain the more quickly 
the wound is disinfected, it is strongly to be advised that the operator 
should always have close at hand in a box with a tightly-fitting lid, 
a small phial containing 5^ of carbolized water, a small box with 
iodoform powder, a small quantity of chloroform, some gutta-percha 
tissue, Billroth cambric. Bruns' wadding and gauze. The wound, after 
being irrigated, is washed out with a tuft of cotton-wool dipped in 
carbolized water, then sprinkled with iodoform powder, wrapped up 
with a moist piece of gauze, and this either enveloped in Billroth 
cambric and tied with a tape, or the gauze covering is wrapped round 
with gutta-percba tissue, which may be fastened by being brushed 
over with chloroform. The injury heals in a short time by first 
intention without further consequences. 

n. 

1 Removal of the Organ of Hearing from the Dead Body. 

HE opening of the cranial cavity, for the purpose of removing the 
Korgans of hearing, does not difier icom the method practised in the 
I anatomical institutions. This being familiar to every student, a 
r detailed description of the proceeding may here be dispensed with. 
It should, however, be specially pointed out that in private post- 
mortems, where, after the corpse has been put upon the bier, all traces 
of the section should, as far as possible, be concealed, the opening 
of the cranial cavity must be made with special care, and that the 
incision from one ear to the other for the separation of the scalp from 
the calvarium should be made, not across the vertex, but as it is 
usually done in the institutions of Vienna, across the occipital region. 
As this is most efficiently carried out by trained, practical, anatomical 
attendants, it is always advisable, where possible, to secure in private 
post-mortems such assistance. 

The mode of proceeding in the removal of the organs of hearing 
from the skull differs materially when the body, as in the Anatomical 
Schools, is at the disposal of the operator, from that of those cases 
where, having regard to the placing of the body on the bier, every 
outwardly visible trace of injury to the head must be avoided. Again, 



REMOVAL OF ONE ORGAN. 

the method will be different in post-mortems where, on account of 
co-existing disease at the naso-pharynx and Eustachian tubes, these 
parts have also to be examined, from what it will be in those cases 
where, during life, disease of these parts could be excluded, so that 
their examination would seem to be superfluous. 

J. BEMOVAL OF THE ORGAN OF HEARING PBOM THE DEAD BODY FOR 
ANATOMICAL PURPOSES. 

The simplest proceeding in the removal of the organs of hearing from 
bodies intended for anatomical examination, and not requiring spedal 
regard to be taken, but which, under certain circumstances, may also 
be observed with bodii3s about to be laid out, is the following ; 

After removing the skull-cap in the regular way, the brain is taken 
out, and at the same time the acoustic and the facial nerves are 
carefully divided close to their exit from the medulla oblongata. 
Nest, with a strong scalpel, the akin is divided by a perpendicular 
incision 8-10 cm. long, commencing 2 cm. behind the insertion of the 
auricle, that is, immediately behind the mastoid process ; and the 
anterior flap of skin, together with the auricle after detachment from 
the cartilaginous meatus, is dissected away up to the zygomatic arch. 
Now, in case only one of the organs is to be removed, a cut is made 
with the anatomical saw, commencing behind the mastoid process 
(Fig. 18p, p. 12) and dividing the posterior cranial fossa up to that 
point of the medial line of the cHvus, which lies midway between the 
Bella turcica and the anterior edge of the occipital foramen (o). With 
a second cut, almost parallel to the transverse diameter of the skull, 
the middle cranial fossa is sawn through in a vertical plane, which 
unites the middle of the zygomatic arch with the tubercle of the sella 
turcica (z s), and separates the moat anterior portion of the pars 
squamosa, as well as the great wing of the sphenoid and the proc. 
pterygoid, close to the superior maxilla. The median ends of these 
two cuts (s o) are united by breaking through, with a broad chisel, 
the base of the skuU in the median line of tho sella turcica and the 
clivus. 

If the base ofthe skull has beensuccessfully divided, the preparation 
can be easily removed. Where this is not the case, the bridges of 
bone, remaining behind, must be cut away with tho chisel. The pre- 
paration is now merely left in connection with tho soft structures and 
tho maxillary joint In order to disconnect it from the latter, the 
muscular and tendinous attachments to the mastoid process must first 
of all be quickly dissected up ; the preparation should then be pressed 
forward and upward, and after cutting through the posterior capstll 
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wall, the maxiUaryJoint is disarticulated with the cartilf^e knife. It 
DOW suffices to cut through the soft parts of the neck and naso- pharynx, 
Btill connected with the preparation, in order to allow the temporal 
bone to be removed. In such preparations the entire Eustachian tube, 
with the adjoining parts of the naso-pharynx, are retained. 

In a like manner one proceeds in the removal of both organs from 
bodies which are to bo laid out, with this difference, that the cuts with 
' the saw through the base of tho skull are not made up to the median 
I Una, but only as far as the lateral borders of the sella turcica and the 
' cUtus, and that the cuts are joined, on either side, by a chisel breach 
(Fig. IS i i' and u u'), running parallel with the long diameter of the 
skull. By this means the sella turcica and the clivus will be preserved 
as a firm bridge between the anterior and posterior parts of the skull, 
and its collapse will be thus prevented when tho body is laid out. 
If the dissection be made with some care, the cranial cavity filled up 
with chopped straw or grass, and after accurate readjustment of the 
calvaria, the cutaneous incision behind the oar and across the occiput 
bo well stitched up, and the body skilfully laid out, nothing will be 
noticed which might betray any sign of the skull having been inter- 
fered with. 

The removal of both organs in connection, for definite anatomical 
purposes, e.g., for showing the angle of inchnation of the tjinpanic 
membrane, can only be eflected when the body is entirely at the 
disposal of the operator. In this case the anterior saw-cut, made 
parallel with the transverse diameter of the skull, passes through tha 
entire base of the latter near the tubercul. sellce (Fig. IS z z'), while 
tho posterior cut, parallel with the anterior, is also carried through 
the entire base of the skull behind the mastoid processes and through 
the middle of the foramen occtpitale magnum (m m'). As in the 
former method so here, after disarticulating the maxillary joint. 
dividing the soft parts, and loosening the occipito-atloid connection, 
the preparation is removed. It is a matter of course that in normal 
anatomical preparations, where auricle and cartilaginous meatus are 
included, these parts should be allowed to remain in connection with 
the temporal bone. 



2. REMOVAL OF THE ORGANS OF HEARIXG FROM BODIES WITHOUT 
EXTERNALLY VISIBLE IKJtiRY TO THE SKULL. 

The proceeding difiers materially in the removal of the organ from 
a body where, externally, no trace of the operation be visible. As 
in these cases the main object is the examination of pathological 
changes in the organ, the mode of removal will vary according to the 
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diagnosed seat of the disease during life. Thus if, during hfe, no 
morbid changes in the external meatus, in the Eustachian tube, and 
in the naso-pharj'nx were proved to exist, these portions of the organ 
will be excluded, and attention be directed mainly to the removal of 
the tympanic and labyrinthine structures. 



(o) Removal of tlie OrganB of Hearing, together with the 
NasO'-pharynx and Eustachian Tubes. 



1. A method of removing the organs of hearing, in connection with 
the naso-pharynx, without apparent external injury to the skull, was 
first pointed out by Wendt. He made use of the chisel for gouging 
out the circumscribed parts of the base of the skull, a proceeding 
which, even with considerable practice, may easily lead to splintering 
of the external meatus and tympanic cavity. Much safer, though 
more troublesome, is the method suggested by Schalle,* which we 
here briefly describe. 

After taking off the skull-cap and removing the brain, an incision 
is first made across both clavicles, from the top of one shoulder to 
the other, then one on either side, which, commencing 4 cm. behind 
the auricle, passes over the sterno-cleido-mastoid muscle downward 
and somewhat forward, and meets the incision made along the clavicle 
at an acute angle. 

Grasping the flap of skin at the upper point of departure, it is 
separated by a few sweeping strokes, taking as little of the soft parts 
as possible ; the cartilage of the external meatus is cut through close 
to the bone, and the maxillary joint, as well as the entire lower edge 
of the ramus of the corresponding inferior maxilla, are laid bare. 
When this has been done on both sides, the skin on the anterior 
surface of the neck is severed from the soft parts, until the lower 
edge of the maxilla is exposed all round. 

The knife is then pushed in a direction corresponding with the 
origin of the genio-hyoid muscle through the floor of the mouth, and, 
while keeping close to the lower jaw, the incisions on both sides are 
enlarged up to the angles of the maxilla ; the tongue is drawn down 
and cut away with the soft parts of the pharynx down to the lower 
border of the larynx. Tongue, larynx, trachea, and tesophagus are, 
for the purpose of gaining space, dissected off from the vertebral 
column with a few ample strokes and pushed down, or entirely taken 
out. 

After completely removing the soft parts from the cavity of the 
mouth and naso-pharynx, the capsule of the maxiUory joint on both 
* Virohow'i Arohiv. Bd, 71. 
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tndes is divided close to tho lower jaw, and the Intter drawn so far 
I Ibrward out of the socket that it luxates on the tubercul. articul. 
I Xa thia position the inferior maxilla is fixed by means of a proper 
[ ohin-holder, and the posterior wall of the pharynx dissected away from 
I the vertebral column, 

' In order now to saw out the organs of hearing, together with the 

Btruetures of the nasal cavity and pharyngeal space, the two surfaces 

I of the maxillary joint are broken through with the chisel from below 

I upward, so as to cause, at the corresponding parts of the middle cranial 

i fossa, a gap large enough to allow a narrow saw-blade to be inserted. 

[ This having been done in the breach on the left side, the ends of the 

blade are connected with the bow of the saw in such a way that its 

handle rests on the side of the cranial cavity. The operator may 

I now proceed with his work in a sitting position, having the head of 

the body on a level with his shoulder. The cuts should be carried in 

a direction as nearly as possible corresponding to the long axis of the 

( body, and vertically to the base of the skull. The course which the 

^ saw should take is, according to Schalle's description, as follows : 

The line of the cut runs from the left breach forward and a little 
I outward, including the anterior median corner of the squamous 
I portion of the temporal bone, then through the great wing of the 
} sphenoid bone, meeting about 1 cm. outward from the superior orbital 
( fiBSure the roof of the orbital cavity, whence it passes in a curve 
f forward, thus including the greater portion of the latter, reaches, 
I about 15 mm. from the crista galli laterally, the ascending portion of 
L the frontal bono, turns, while keeping close to this in front of the 
I crista, through the foramen ccecnm to the other side, and meets the 
f right breach in the reverse order. Here it turns in a somewhat short 
I curve outward, and reaches, through the plane of the maxillaiy joint, 
j without touching the fissura petro-squam., the wall of the cranium 
E again ; keeping close to this, it comes to the posterior edge of the 
I sigmoid sinus, in which it descends with a slight curve to the foramen 
I jugulare, turns, corresponding to the opening of tho inferior petrosal 
I Mnus, round the tubercul. jugul. dextr., divides the pars basUaris, and 
I avoiding the tubercul. sinistr., passes to the left foramen jugulare ; from 
I here it encircles the left temporal bone in the same manner as on the 
I right side. 

But this method, by which both organs of hearing, together with 
the structures of the naso-pharynx, may be completely removed, 
I proves in practice too complicated and occupies too much time, nor 
I is the object of effacing outward traces of interference quite attained. 
I 2. In a more simple manner it may be done by the following 
I method, which 1 myself use. 
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REMOVAL OF ORGANS ACCORDING TO THE AUTHOR. 



By means of a strong drill (Fig, 14) two perpendicular chanDels (a a') 
are mads in the anterior cranial fossa, 1 cm. right and left of the crista 
galli, running downwards through the nasal cavity to the lower surface 
of the hard palate through the right channel the small saw repre- 
sented in Fig 2 IS introduced from the crtnial cavity A cut (a b) 
is made with this through the base of the skull, passmg first in the 
anterior cranial fossa backwards and some\vhat outwards as far as the 
inner third of the cnsta sphenoidalis of the lesser wing of the sphenoid 




bone (2i cm. from the middle line of the base of the skull) At this 
point the cut takes a strong sweep outwards m the middle cranial 
fossa (b 1) towards that part of the base of the skull which corresponds 
to the root of the zygomatic arch, dividing thus the greater wing of 
the sphenoid bone, and in the temporal bone the maxillary joint and 
the outer section of the maxillary fossa. When the saw has arrived 
behind the maxillary joint, that is, in front of the anterior wall of the 
osseous meatus, a point which projects inwards corresponding to the 
middle of the clivus of Elumenbach, the instrument should Iceej) i 
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(080 tx) the point where the upper surface of the pyramid turns to 
le squamous portion of the temporal bone (l), and the cut be carried 
OB far as the sinus transversus (1 n). 

This part of the cut divides the middle portion of the osseous meatus 
and the inner portion of the mastoid cells. The saw now turns from n 
inwards and somewhat forwards, passes through the open sinus trans- 
Tersus to the foramen jugulare, and from here through the posterior 
third of the dorsum seltje, so that the cut falls immediately in front 
of the condyloid process (e). In the same manner the base of the 
skull is sawn through symmetrically on the left side also, and the two 
channels made with the drill are united laterally from the crista galli 
by a transversa cut. The cutting through the maxillary joint and 
osseous meatus up to the sinus transversus occupies considerable time, 
owing to the thickness and density of the bone to be sawn through, 
while the division of the anterior, and in a great measure also of the 
middle and posterior cranial fossre, is accomplished much more 
 quickly. 

^1 The piece of the base of the skull round which the saw-cut has 
^B been carried is now loosened by, a few vigorous blows with the chisel; 
^M the firm connections still existing at the posterior and lateral parts of 
^B the breach are divided by means of a chisel 4-5 cm. broad, while in 
^B the region of the naso-pharynx the separation of the remaining bridges 
^1 must be effected with the fret-saw, partly from the cranial cavity 
^M and partly from the mouth. With the object of detaching the 
H preparation from the soft parts, two parallel cuts {r, r') are carried 
^B 3 cm. right and left of the crista occipitalis int. on the occipital bone 
^m downwards as far as the posterior edge of the foramen occipitale, and 
^M the two cuta united below by means of a curve. Thereby a longish 
^M breach is caused on the occiput, which renders it possible to manipu- 
^M late in a horizontal direction towards the lower surface of the bass 
^B of the skull. While an assistant, with a long branched forceps (Fig. 7) 
^B lays hold of the preparation at the sella turcica and at the posterior 
^B' cut of the dorsum sellaa, and raises it up towards the front, first the 
^Bjmsterior membraneous wall, then the lateral walls of the pharynx, 
^B are cut through with a strong scalpel ; after that the posterior capsular 
^B vaJl of the maxillary joint is divided on both sides, the joints themselves 
^Hare disarticulated, and the still existing muscular and Ugamentous 
^Hponnections are detached with knife and scissors, to completely 
^^heparate the preparation. Id order to effectually close the gap in 
^^nbe occipital bone when laying out the body, the cuts right and left 
^^tof the crista occipit. int. are so made that their surfaces are directed 
^^K^wards, in order that the piece of bone, in being fitted in, may be 
^^P 'q its position by the mass filling up the cranial cavity. 
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(6) Removal of the Organs of Hearing icitkout the Stnwturea of tlie 
Naso-pharynx and without the Euatachian Tubes. 

1. Where, from the objective examination during life, no morbid 
changes in the naso-pharynx and the Eustachian tubes were proved 
to exist, and where the examination of these parts may thus be 
dispensed with at the autopsy, the organ can be removed from the 
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Fio. 19. 

akuU in a short time, and in a very simple manner. The j 
is indicated by the lines 1, 2, 3, 4, 5, in Fig. 19. With the broadest 
chisel (3 cm.), which must be applied as far as possible horizontally 
and in a direction parallel with the base of the skull, the iissura petro- 
basilaris is first cut, from the apex of the pyramid to the foramen 
JHgulare (1). As the edge of the chisel advances outwards along the 
lower surface of the pyramid, the connections of the soft parts of the 
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temporal bone are also cut below. Then the sinus transversus is 
broken through by one or two blows with the chisel, from the foramen 
jugulars to where the ain. petros. super, passes into the sin. transvera. 
(2) A third perpendicular cut with the chisel (3) is directed outwards 
and backwards from the anterior point of the pyramid, between the 
latter and the foramen ovale, 1 cm. beyond the foramen spinosum. 

The fourth breach (4) made with the chisel to the length of 1 cm. 
at the posterior external angle of the middle cranial fossa is joined 
with breach 2, The next following cut (5), carried with the chisel as 
i&T as possible outwards at the boundary between the lower surface 
of the middle cranial fossa and the vertical squamous portion of the 
temporal bone, divides the osseous meatus about the middle. If the 
chiselling be not done with care, not only the meatus will be splintered, 
but cracks in the bone may be caused in all directions, whereby the 
tympanic membrane will be torn and the ossicles dislocated. 

Before proceeding to this— the most important part of the operation 
— the breaches 1, 2, 3, 4 made with the chisel are united where their 
extremities approach each other, by means of smaller chisels, and the 
oonnection of the preparation with the neighbouring parts is loosened 
as much as possible by cutting them sideways with the chisel. Not 

I until then can the osseous meatus be divided in the direction from 
the cranial cavity, by weaker blows of the mallet, which will drive the 

I chisel gradually deeper. The direction of breach 5 must be such that 
Is meet with those of 3 and 4, 
The preparation, being separated from its connections with the bone, 
ia loosened and slightly raised, by introducing the elevator in the 
breaches 1 and 2, after which any still adhering soft parts are cut 
through ; the maxillary connection is divided, and the preparation 
removed. This contains the inner section of the osseous meatus, the 
membrana tympani, the tympanic cavity with part of the mastoid 
cells, and the whole of the labyrinth as well as the auditory and 
&cial nerves. This method is, therefore, adapted not only for such 
cases where, during life, a labyrinthine affection was diagnosed, but 
also, and especially, for those so frequently occurring middle-ear 
processes running their course without perforation of the membrana 
tympani, in which pathological changes, mostly in the form of 
adhesions and fusions, set up exclusively in the tympanic cavity, 
especially in the vicinity of the oasicula, but in which Eustachian tube, 
mastoid process and external meatus are not affected by the patho- 
logical process in the tympanic cavity. 

The method here described may bo materially simplified in cases 
of undoubted affection of the labjrinth or of anchylosis of the stapes 
in the fenestra ovalia ; when it will, of course, bo merely a question 
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of removing tbe pyramid. For this purpose, after removat of the 
tegmen tymp. with a few blows of the chisel (see chapter on Methods 
of Preparation), the tympanic cavity is inspected, and having ascer- 
tained that the memb, tymp. and tbe malleo-ineudal articulation are 
normal, the tendon of the tensor t}'mpani and the incudo-stapedial 
connection are cut through. With three or four blows with the chisel 
through the connection of the petrous bone with the clivus, then 
through the apex, and, in the vicinity of the sinus transversus, through 
the base of the pyramid, these parts may be broken off in a few 
minutes and removed from the skull, the tympanic membrane wilJti 
the malleus and incus remaining behind. 

2. A new method for obtaining preparations of the temporal bone 
without disfiguring tbe body, we owe to Dr. Arthur Tschudi, whose 
description we here give. 

In order to take out the organs of hearing from bodies where it is 
not advisable to open the cranial cavity by the removal of tbe skull- 
cap, as usually practised, and with the object of avoiding all visible 
mutilation, tbe following process may be employed with perfectly 
satisfactory results. 

Over the planum mastoideum an incision, similar to Wilde's, 
is made on either side through the scalp, separating it to tbe 
length of 10-12 cm. Tbe cut will, therefore, as a rule, fall within 
the region of the hair. The soft parts are then dissected away by 
drawing tbe edges of the incision in the scalp forwards and backwards, 
in tbe latter direction so far that the entire mastoid region becomes 
exposed ; forwards, by separation of tbe cartilaginous portion of tbe 
meatus, and consequently detachment of the auricle up to about tbe 
middle of the zygomatic arch. 

By means of an American drill, with a screw-head, an opening is 
mado in the squamous portion of the temporal bone on one side at 
a height of 4 cm. above the external meatus, which, corresponding 
to the size of tbe drill, measures 9 mm. in diameter. The instrument, 
which is double-edged, has a length of 23 cm., and may thus be driven 
transversely through the entire skull to penetrate the squamous 
portion of the temporal bone on the opposite side. Tbe drill can now 
be taken out of the screw-head, and the blade of a saw is then fixed 
in at the posterior extremity of the metal borer, where there is a sHt, 
through which a peg passes. The saw-blade, made out of a watcb- 
spring, is 3 mm. wide and 32-33 cm. long. At its ends it is filed 
out, so as to form books, which admit of its being fixed in the above- 
mentioned pegs in the slits of the borer. The blade of the saw thus 
fastened is then pulled through the bore-hole by means of the drill, 
in the same way as drainage tubes are drawn through fistulous 
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passages. Next the saw-blade is set. The frame of the saw, specially 
eonstnictad for this purpose, is rectangular, has a span of 37 cm., 
measures in breadth 14 mm., in thickness 4 mm,, and in depth 11 cm. ; 
it is provided with screw fastenings for tightening it in the handles, 
both of which are used in sawing. The work of sawing is dono 
starting at the bore-holes, proceeding in a curve forwards and back- 
wards round the entire esposed surface described above. While doing 
this the two persons sawing must guide the saw with uniform strokes, 
first towards the front in a gentle curve in the direction of the 
zygomatic arch, which is divided on the passage of the saw backwards ; 
then directing it towards the ascending ramus of the inferior maxilla, 
this also IB divided. The cut leaves the insertion of the tendon of the 
temporal muscle intact, thus securing a support to the inferior maxilla, 
T^hich is a matter of consideration in regard to any possible disfigure- 
ment. W'hen the lower jaw is cut through, the blade of the saw is 
loosened from the frame and withdrawn; as before, it is then pulled, 
by means of the metal borer, through the bore-hole, to be again set 
in the frame, so as to enable the operators to commence the cut in a 
backward direction. 

This simply passes in a curve round the mastoid process, and 
below it joins the first cut. The bone and soft parts being cut all 
round, the cylinder can now be easily removed. It must be borne in 
mind, however, that it will be much easier to do so if the surface 
round which the cut has been carried be larger on one side than on 
the opposite one. so as to obtain, not exactly a cylindrical, but a 
slightly conical preparation, which is to be driven out base forward. 
The mere pressure of the finger is often sufficient to accomplish this. 
To avoid the somewhat tedious circular cut, the preparation may also 
ho obtained in the form of a wedge. In this case two bore-holes must 
be made on each side, one 4 cm. perpendicularly above the maxillary 
joint, the other at the same height, a little behind the mastoid process. 
The saw is now introduced, and the two bore-holes are united by a 
horizontal cut, and converging cuts carried from them in a backward 
direction (in a curve round the mastoid process) till they meet. 

The cutaneous incision must, in such a case, be made T-shape, unless 
the scalp, as is usual in post-mortem examinations, can be separated 
from one ear to the other and turned back. 

The preparation thus obtained contains both petrous bones in 
connection. Anteriorly the cut passes through the sella turcica and 
divides the Eustachian tubes in such a way that about half a 
centimetre of the cartilaginous portion of the tube, as well as the 
entire maxillary articulation, remain in the preparation, while the 
condyle is separated. 
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Posteriorly the cut meets the base of the skull at the posterior 
periphery of the occipital foramen 1 cm. behind the articular surface 
for the atlas. Thus there are in the preparation the two pyramids, 
together with the mastoid process, the terminal portion of the sinus 
sigmoideus, as well as the whole of the clivus, a considerable part of 
the cartilaginous Eustachian tube, and finally the major portion of the 
cartilaginous external meatus. 

The chief advantage of this mode of preparation consists in this : 
that after the removal of the petrous bones the roof of the skull is 
kept intact and the outward shape of the skull preserved, so that after 
fill ing up the temporal region with paper or such-like, to prevent a 
sinking in of the ears, the incisions in the scalp being also stitched up, 
any disfigurement of the body is avoided. 

It is also to be observed that it is difficult, when boring through the 
temporal bones, to reach the precise spot on the opposite side ; it is, 
therefore, advisable to drill a hole in each temporal bone separately, 
marking by exact measurement the spot from the external meatus 
and from the zygomatic arch. When the boring has been completed 
it is easy, by introducing the borer into one of the openings, to find 
the other. 

To remove the organs of hearing from the cranial cavity of the 
new-born infant, neither chisel nor saw is required- As the sutures 
between the various bones of the skull are not yet ossified, and the 
bones themselves still spongy and ort'er little resistance, a stout pair of 
scissors is sufficient to cut out those parts of the organ from the base 
of the skull which are intended for the preparation. In tho case of 
children who have reached the age of several weeks, a stout pair of 
seissora alone will not accomphsh this, and the removal of the organs 
can only be effected by the use of strong bone scissors, forceps, and 
sometimes the chisel. 



3. EXAMINATION OF TBE CRANIAL CAVllT AND BRAIN IN MIBDLE EAR 

SUPPURATIONS, AND CEHEBRAL DISTURBANCES OF HEARING 
TERMINATING FATALLY. 

In those morbid processes in the oi^an of hearing where death 
is the result of extension of a suppuration of the middle ear to tho 
cranial cavity, or where, during life, a cerebral derangement of hearing 
was diagnosed, it is necessary, after opening the cranial cavity, to take 
note of the changes occurring in the meninges, tn the cerebral 
sinuses, and in the brain itself. 

Should, during life, symptoms of meningeal or cerebral affection 
have existed, it is necessary, after removal of the calvaria, to test 
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_ ree of tension of the dura mater. In difi'use meningitis of the 
jivexitj of the brain, at times also in basilar meningitis, especially 
iien combined with purulent or serous effusion in the ventricles of 
he brain, further, in acute and chronic hydrocephalus, the dura mater 
Over the cerebral hemispheres is found tightly stretched and little 
yielding. On the other hand, in abscesses of the cerebrum, 
particularly when extensive and situated superficially, a frequently not 
inconsiderable degree of relaxation and phancy is found in the corre- 
sponding parts of the dura mater. 

When the latter has been removed in the usual manner from the 

rnpper surface of the cerebral hemispheres, note should be taken of the 

pegree and extent of the hypenumia and serous moistneas, or of the 

fcnrulent infiltration of the pia mater and subarachnoid spaces, and of 

my casual fluctuation which may be perceived on lightly touching the 

rface of the brain, and which frequently occurs in superficial cerebral 

, and in hydrocephalus. Next, the anterior lobes of the 

rebral hemispheres ore raised up with the left hand, and the olfactory 

nd optic nerves, both carotid arteries, the infundibulum, and the 

Ksulo-motor nerves are cut through in succession. Should, upon 

■raising the anterior lobe, any purulent infiltration be found on the 

(jmder surface of the brain, the middle lobe must be raised with 

reat care, in order to note any existing adliesions between the dura 

later and the brain in the middle fossa of the skull, especially in 

^e region of the tegmen tymp. 

Now follows, on either side, the division in the usual manner of 
the tentorium cerebelli from the proc, clin. postic. along the upper 
edge of the pyramid, the trochlear and trigeminus nerves being cut 
at the same time. Gradually raising the cerebellum and medulla 
oblongata from before backwards, we are enabled to cut in succession, 
aa they come into view, first, the abducent, facial, and auditory nerves, 
further backwards the glosao-pharyngeal, the vagi, accessory nerves of 
Willis, and the hypoglossal. It now suffices to separate the connection 
of the medulla oblongata with the spinal cord, with a scalpel carried 
along the clivus through the occipital foramen into the vertebral 
canal, in order to allow the entire brain to be removed from the 
cranial cavity. - 

It should, however, be remarked that in cases where, during life, 
symptoms of a cerebellar abscess have existed, attention must be 
directed, when lifting out the cerebellum, whether, and at what point, 
an adhesion of the latter with the posterior wall of the pyramid exists. 
Such adhesions between the dura mater and brain in the middle 
and posterior cranial fossjB are not infrequently found, when a middle 
car suppuration breaks through at the tegmen tymp., at the antrum 
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^H mastoid,, and at the postarior pyramidal wall They are the result of 
^B inflamniatioQ which precedes the breaking through of the suppura- 
^M tion on the ioner surface of the dura mater, and which from here 
^M spreads to the adjoining arachnoid membrane, pia mater, and the 
^B brain substance. In the great majority of cases these adhesions are 
^M met with in otitic brain abscesses, less frequently in diffuse meningitis, 
^M unaccompanied by any such abscess, and adect mostly the immediate 
^1 neighbourhood of the breach in the bone, and of the opening of the 
^M abscess frequently corresponding with it. After removing the brain 
^B from the cranial cavity, the parts at its lower surface, corresponding 
to the breach in the bone, are next minutely examined, and the 
intensity and extent of the purulent infiltration at the base of the 
brain determined. If the brain, at the spot where the bone appears 
ulcerated, should show a discoloured depressed place, where, on 
slightly pressing the neighbouring parts, pus oozes out, the corre- 
sponding lobe should be cut through longitudinally, so as to ascertain 
the size and seat of the abscess, its contents, the condition of its walls, 
and of the neighbouring brain substance. Not infrequently the 
abscess communicates directly with the seat of the suppuration in 
the temporal bone ; sometimes, however, even on a most minute 
examination, no connection between these two purulent foci can be 
found to exist Finally the ventricles of the brain must be closely 
examined. They very often contain, in consecutive middle ear sup- 
purations which have extended to the cranial cavity, cloudy purulent 
fluid, their walls appear injected, ecchymosed, and in places softened. 
After noting down the result of the examination of the brain, the 
base of the skull should once more be closely examined before the 
organs of hearing are removed, in order to ascertain whether there are 
any changes in tho dura mater within the region of the temporal bone, 
and to what extent it may be ulcerated, before stripping it off The 
region above the tegm. tymp. and antrum mastoid., sometimes also 
the superior and posterior walls of the pyramid, appear dark-blue, livid, 
discoloured, loosened, and infiltrated with pus ; or white and yeUowish, 
if caseous or cholesteatomatous masses in the temporal bone are lying 
upon the external surface of the dura mater. "Where tho latter has 
been bi-oken through in the direction from the temporal bone, there is 
mostly found a gap bounded by jagged edges, which is filled with pus 
or caseous masses ; less frequently multiple roundish perforations are 
met with in the dura mater, which is thickened by infiltration. In 

L order to ascertain the extent of the defect in the osseous roof of the 
tympanic cavity, the dura mater should be detached in the direction 
from the squamous portion of the temporal bone as far as the posterior 
superior edge of the pyramid (sin. petrosus superior), without, however. 
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entirely separating it from the preparation. In the same manner, if 
tiiero be a breaking through at the posterior aurfaca of tho pyramid, 
the dura mater may be detached from the inferior towards the superior 
edge of the pyramid. Only in this manner can it be shown whether 
the gap in the bone corresponds with, that in the dura mater, or 
whether it is somewhat further removed from it. In the latter case 
the two openings communicate, by means of a channel running in a 
slanting direction through the thickened dura mater. By holding the 
Utter up to the hght, it is possible to judge, from the degree of 
opacity in the vicinity of the place of rupture, to what extent it has 
been infiltrated and thickened. In making post-mortems on children 
who have died of meningitis, or epidemic cerebro-spinal meningitis, 
the processes of the dura mater, which penetrate into the sutures and 
fissures of the temporal bone, especially of those vascular cones of 
connective tissue which enter the hiatus aubarcuatus, must be more 
minutely examined, since the purulent inflammation sometimes finds 
ita way through these from the spaces in the middle ear to the 
cranial cavity (v. Trbltach, Lucie). 

In a case of sinus phlebitis terminating fatally, the sin. longi- 
tudinalis superior should first of all be split, to ascertain the con- 
dition of the coagula found in it. Then, after removing the brain 
from the cranial cavity, the sin, transversus is opened with scissors 
and pincette, from the foramen jugulare to the confiuens sinuum, and 
the divided sinus wall turned over to either side to obtain a clear 
view into the sinus. The condition of the clots found here should 
first be examined, then the state of the sinus wall, whether it be 
smooth, or inflamed and covered with clots adhering to it; finally, 
whether the wall of the sinua adjacent to the bone has been broken 
through at any spot. With every thrombosis in the sin, transversus, 
it is necessary to open at the same time the sin. petrosus superior 
running along the posterior superior edge of the pyramid ; likewise, 
^e sin. petrosus inferior, which passes along the posterior inferior 
edge; and if pathological thrombi are found there, the examination 
should be extended also to the sin. cavemosus. The latter should 
always be done when, during life, symptoms of phlebitis of the sin. 
cavemosus, infiammatton of the retrobulbar connective tissue, ex- 
ophthalmus cedoma, or erysipelas of the eyelids had esiated. Should 
the thrombous formation extend downwards beyond the foramen 
jugulare, then the examination of the vena jugularis should not be 
neglected, so as to ascertain the extent of the inflammation and 
tsoagulation towards the lower parts of the vein, especially if, during 
life, a painful cord-like formation in the co'"*" "f the jugular vein was 
proved to exist. 
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WheD the venous sinus wall bos been dotachsd from tbe underlying 
bone, it is possible to judge of the position, size, and form of the 
axisting ulceration. This is found, in the majority of cases, in that 
portion of the sinus transversus which borders on the mastoid cells, 
and from here a probe may be passed either into the cavity of the 
mastoid process, or loto the tympanic cavity direct. Oftener, however, 
even in severe sinus phlebitis, no trace of any ulceration in the bone 
is found, but, corresponding to the inflamed wall of the vein, a livid 
or yellowish-green discolouration of the bone, showing the symptoms 
of a septic inHammation, which has spread from the tympanic cavity 
or mastoid cells to the sinus. Sometimes it is by means of the hue 
venous trunks discharging from the mastoid cells into the sinus that 
this septic inflammation reaches the sinus wall. 

In deafness the result of hydrocephalus, it is necessary to examine 
the floor of the sinus rhomboideus and the condition of the stria; acus- 
ticiB, which not infrequently are found completely obhtorated ; further 
the auditory nerve, which appears atrophied, flattened, or, as I have 
observed in a case of chronic hydrocephalus of high degree, combined 
with atrophy of the brain, lying, in the form of a slender cord, within 
the internal meatus, which was dilated to several times its natural 
size. 

In disturbances of hearing consequent on tumours of the brain, 
attention should be directed to the relations of the tumour to the 
auditory nerve and the medulla oblongata. To gain information upon 
this we must, previous to cutting through the cerebral nerves which 
pass from the medulla, slightly raise the latter and the cerebellum, 
cutting, if necessary, the hemispheres partially away, by which the 
displacement of the brain, of the medulla oblongata, and of the nerves 
caused by the tumour, may be plainly seen. 

It depends upon the size of the tumour, its close connection with 
the brain or with the petrous bone, whether it should be removed 
with the brain, or left in connection with the petrous bone. The 
latter is always done when the new formation invades the internal 
meatus, and when the auditory nerve passes through tbe tumour and 
appears completely imbedded in it. 

In dissections on deaf-mutos it is also necessary to subject the 
brain to a close examination, and special note should be taken of any 
changes occurring in the ventricles, in the sinus rhomboideus, and in 
the auditory nerve trunks. The medulla oblongata should, for the 
purpose of future microscopic examination of the nuclei and roots of 
tho acoustic nerve, be placed in a weak solution of chromic acid, to 
be hardened. Considering the relations which have lately been proved 
to exist between the acusticus and the temporal lobe, it might bo 
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advisable, in the dissection on deaf-mutes, to remove that part of the 
brain, for the purpose of microscopic examination. 

In conclusion, let it be observed that also in fractures of the skull 

extending to the temporal bone, before removing the organs of hearing, 

a close examination of the dura mater and the cranial bones should be 

made, in order to determine the extent and direction of the fissures in 

I the skull, and the rents in the dura mater. 



Dissection of the Macerated Temporal Bone. 

An exact knowledge of the temporal bone, which forms the osseous 
framework of the auditory apparatus, is indispensable for the study 
of the anatomy of the ear. Before beginning the work of preparation, 
the anatomical details of the temporal bone must first of all be studied 
not only on its external surface, but also on good sections. As there 
I material differences of form between the temporal bone of the 
new-bom infant and that of the adult, a comparative study of both is 
of great advantage, since thereby we obtain information, not only as 
to the growth of the bone, but also as to certain pathological occurrences 
in the ear during the first years of life. 

1. DISSECTION OF THE TEMPORAL BONE IN THE NEW-BOBN INFANT. 

Mo bone of the skeleton undergoes after birth such great changes 
of form as the temporal bone. Its growth can, therefore, only be 
studied on a aeries of preparations, commencing with the temporal 
bone of the new-bom infant, and followed, in succession, by those of 
children aged respectively three months, six months, nine months, 
twelve months, up to five years. 

The macerated temporal bone of the new-born infant (Figs. 20 and 
21) can be divided without difficulty into three pieces ; pars squamosa, 
pars tjmpanica, and pars petrosa, which, having in fostal life a 
separate development, are in the new-bom infant but loosely 
coimected, and do not become intimately united until the first few 
years of life. 

.The details of the temporal bone of the new-bom infant can only 
be studied from its various parts after anatomical dissection. 

This is not attended by any special difficulty ; still, in order to 
avoid splinterings, certain precautions ought to be observed. 

We begin by detaching the tympanic ring (annulus tymp., a), 
inserting a small knife rounded off at the point, or the blade of an 
ordinary penknife, into the fissura potro-tympanica (fissura GIaseri)j 
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which lies between the anterior crus of the ring and the tegmen tymp., 
so as to loosen, by slight lateral pressure, the anterior crus, which 
has its attachment immediately behind the process, articularis post., 
fifom the pars squamosa. If, now, the connection between the lower 
and posterior periphery of the ring and the corresponding edge of the 
pars petrosa et mastoidea be loosened, by pushing the point of the 
knife into the loosely constructed suture, a gentle pressure sideways 
will free the upper end of the posterior crus of the ring from the 
squamous portion, whereby the separation, intact, of the annulus ia 
effected. 

This is followed by separating the pars squamosa from the para 
petrosa, which are united on the inner side of the temporal bone 
(Fig. 21) by means of the sutura petro-squamosa (su su'), aod on the 
outer surface through the sutura mastoideo-squamosa (Fig. 20, d d). 




Fig. 20. Outar view ot the temporal bone 
of a new-boTD infant. (Left ear.)^B = 
Dppor portion of the H)Dama i b — its 
inferior portion below tbe linen tem- 
poralis pauing backwards; c^anDulus 
tympanicug ; d d = euture between the 
•qoaiDous portion and the n)»8toid pro- 
oeas, extending to the foriuneD atyln-maa- 
toideum; e^foramen styto-maatoidtum ; 
f=feiieitra ovalii ; (j = leDeatra rotanda. 



CB — tegmen tymp. ; i 



aiibnTGoata ; an = fiamue 
of tbe aquffiduct. veitib. ; ch,=^ eleration 
of tliD horizontal semjcirciilac canal ; n i^ 
pUoe of the later sulcus tranaTeiBvu. 



By cautiously pushing the blade of the knife into the latter, and by 
gentle lateriil movements of the instrument, the connection of the 
two bones can be loosened, so that by moderate pressure on the inner 
side of the squamous portion the connection at the sutura petro- 
squamosa may also be loosened, and the pars squamosa isolated. 

The temporal bone, thus divided into its three constituent parts, can 
now be accurately examined in all directions ; and without entering into 
an exhaustive treatment of the subject, we will give a short description 
of the different pieces of the os t«mporale in the new-botii in fimt ii 
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hi as this appears necessary for understimding the anatomical details 
of the temporal bone in the adult, and for technical work. 

The tympanic ring (annulus tymp., Figs. 22 and 23) presents an 
osseous frame, open above and in front for the reception of the 
membrana tympani, and attached by its ends to the anterior lower 
part of the external surface of the squamous portion, while its lower 
ftnd posterior circumference unites with the lower external edge of 
the pars petrosa, and with the mastoid portion of the latter. On the 
outer side of the ring are two projecting tubercles, tuberculum tymp. 
actic (a) and postic. (p) (Zuckerkandl) which should be noticed, 
because the development of the osseous meatus out of the tympanic 
ring commences at these two spots. The inner side of the ring 
(Fig. 23) presents a groove (sulcus tymponicus, st), intended for the 
reception of the tympanic membrane. The inner hp of the groove at the 
anterior crus of the ring runs above into a point (s) directed backwards 
and inwards, which Henle calls spina tymp. post, in contradistinction 
to the spina tymp. ant. (t), which, lying somewhat lower, projects at 
the anterior edge of the crus. The two processes are joined by an 



Ilo. 22.— Onler side o( the annulua tym- Fio. 23 — Innaraida of theaooalna tympant- 
puicui. (Left ear.) — a — tuberc. tjtDp. ciib. (Left e&r.} — at = Bulcua tymp. ; 

inter. ; p — tuberc. tymp. post. (Zacker- p = tubetc. tymp. post. ; t = cpinii tymp. 

lundl.) ant. ; B = Bpioa tymp. poat. (Heole). Be- 

tween the two. the oriata apinsrura, with 
the aulciui mnlleoUris pauing below. 

inwardly-projecting ridge (crista spinarum, st), below which the sulcus 
xoalleolaris, serving for the reception of the proc. long, mallei, passes 
in an oblique direction forwards and downwards. The fissure situated 
between this portion of the anterior crus and the anterior outer edge 
of the tegm. tymp. is called fissura petro-tympanica (fissura Glaseri), 
through which pass part of the iigam. mallei ant., the art. tymp. inf., 
and the chorda tymp. 

The second piece of the temporal bone in the new-bom infant, the 
pars squamosa (Figs. 24 and 25), shows on the anterior part of its 
outer surface the slender processus zygomaticus, the root of which is 
bounded below by the still ffuntly marked and shallow articular fossa 
ctf the inferior maxilla. The upper edge of the proc. zygomaticus is 
extended as a sHghtly curved ridge (linea temporalis), which divides 
the squamous portion into an upper and a lower segment. The latter 
portion, which has the form of a triangle with its apex directed 
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I downwards, lies below the liuoa temporalis, and claims our 
H attention, since it takes an essential part in the later development 
H of the osseous meatus and of the mastoid process. The anterior edge 
I and section of this triangle are divided into three parts. The upper- 
W most part (a r), lying behind the proc. articul., serves for the apposition 
of the squamiform end of the anterior cms of the tympanic ring ; the 
middle part (r r') forms, in common with the annulus, the so-called 

Iiucisura Kivini (margo tymp, of the squamous portion) ; while the 
posterior third (r' 1), with which the extremity of the posterior cms 
of the rmg coalesces, is joined to the tuberc. mast, of the para 
mastoidea. The posterior section of the triangular part of the squama 
(1 q), which, through the sutura mast, squamosa (Fig. 20. d d), is 
united with the mastoid portion of the pyramid, forms the outer 
covering of the antrum mast^ ; and as especially the lower portion. 





Fia. 24,— OntetmrfMBoI the pan aquoinoBa 
at k iieH-borii inEant. (Lett ear.)— g — 
ftnterior lower edge of the Bqnamn ; above 
it the shallow cav it. glenoid. ; n i— place 
oE attachment of the nnterioc eras of the 
ring to the nquama ; r r' = niarg:o tjinp, 
■quunee ; f' l=lower point of the para 
Bquamoaa in appoaitiDn with the tuberc 
mast, 1 1 q = poateriot edge of the pars 
BqnamosB, forming the sutura nuut. iqua- 



Fia. 25. — Inner view of the pore sqnamoMi 
of a new-born infant. (Left ear. ) — It = 
inner projecting Umella of the wiuama ; 
Im = inferior triangle of the sqiumoua 
portion ; g = smooth part of this lamella ; 
z = its cellular portion ; o = poaterioi 
boundary ot the mitura petro-»q«iunas» ; 
r - antarior, groove-like border ol the 
lamella. 
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adjoining the tuberc. mast., takes part, during the growth of the 
mastoid process, in the formation of the anterior section of the latter, 
Zuckerkandl has designated it lamina mast, externa. 

On the inner side of the squamous portion (Fig. 25) the lower part 
of the surface is formed into a triangle by a projecting horizontal 
jagged ridge (o r). Tho upper lamella of this triangle (o r) is united, 
by means of the sutura petro-squamosa, with the tegmen tymp. et 
mast. (Fig. 26), arising from the upper surface* of the pyramid- The 
posterior and middle portion of this edge is sharpened as far as the 
anterior superior angle of the triangle, and overlapped by the corre- 
* 3jn., inner anterior surface (Henle), snturior superior surface (Lusohka). 
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I Bponding sharpened plate of the tegmeo. tymp. (Fig. 26, 1). The 
' snteiior broader part (Fig. 25, r), on the other hand, appears 
depressed into a groove to receive the correspondingly thickened 
edge of the tegmen tjmp. 

The lower lip of this groove (proc. inf. tegm. tymp., Kirchner) 
18 wedged in between the anterior lower border of the squama and 
the anterior cms of the ring, and is visible on the temporal bones ot 
the new-bom infant and adult as a long ridge between the squama 
and the upper edge of the os tymp. (Fig. 29, g). The tissure 
remaining between this lip and the os tymp. is the fissura petro- 
' tymp., or fissura Glaseri. This is connected in the new-bom infant 
(Fig. 28) with that triangular gap which lies in the anterior angle 
of the temporal bone, called by Henle caoalis musculo-tubarius. and 
which is divided by the ledge of bone projecting from the median 
wall of this canal into two not quite distinct canals, the lower and 
wider of which represents the tuba Eustacb. ossea, the upper narrower 




FlO. SS.— Pan petroBB of b new-bDm infant, alter removal al the pan sqaMnoM et tjmpaiilca. 

• — o = fanest™ ovalw ; r - fenestra rotoDda ; et = unnB tymp. ; n = oater bordsr ot 

the lower Bnrface of the pjrauijd ; S ~ foramen Btyln-mutoid. ; 1 = lamella of tbe 

fgmeo tjmp. ; an = antrum tiiaatoid. ; t ^OBt. tymp. tubie Euet. ; c = canaliacaroticUB. 

I one the semicanalis pro tensore. The anterior corner of the tegm. 
tymp. sometimes shows, at the spot where the upper and lower lips 
of its lateral edge meet, a roundish surface about the size of 1 mm. 
covered with cartilage and surrounded by a low elevation. 

The triangular surface of the squama situated below the jagged 
lodge is smooth at its anterior portion, but cellular at the posterior. 
The anterior smooth portion (g) forms, with the jagged ledge over- 
lapping it, a nicho in the upper tympanic space, in which the malleus 
and incus are lodged, while the posterior cellular portion (z) of the 
triangle represents, as already mentioned, the outer roof-plate of the 
antrum mast. 

The third piece of the temporal bone of the new-bom infant, the 
pars petrosa (Fig. 26), contains in its anterior and middle part the 
oavity of the labyrinth ; in the posterior, the first Indications of the 
mastoid process, and the antmm mast On its external surface there 
are to be noticed the fenestra ovalis (o) and rotunda (r) ; the 
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promontory projecting in front of these i the portion of the facial 
canal running obliquely backwards and downwards above the fenestra 
ovalis, with the prominence of the horizontal semicircular canal 
adjoining it posteriorly; the eminentia stapedii projecting behind 
the fen. ovalis ; and, in the anterior part of this wall, the lower inner 
limit of the osseous Eustachian tube, with the semicanals pro tensore 
tymp. (t) above it. The longish oval antrum mast, (an), situated 
behind the tympanic cavity, measures in its long diameter 9-11 mm,, 
and in height 7-9 mm. The mostly smooth but often also porous 
inner and lower wall of the antrum does not attain until later, during 
the growth of the mastoid process, a distinctly cellular structure. 

The inner wall of the tympanic cavity and the antrum mast. 
are roofed over by the previously-mentioned triangular lamella (1) 
(Fig. 26), which proceeds from the anterior superior wall of the 
pyramid, and which with its sharp edge pushes the tegmen. tymp. 
et mast, over the iimer lamella of the pars squamosa (Fig. 25, It), 
projecting towards it from the opposite side. The traces of this 
superposition of the two lamellre can be shown to exist on &ontal 
sections of temporal bones in adults, and on the sections of the 
superior wall of the osseous meatus and of the antrum. A groove 
(sulcus N. petr. sup. maj.) commencing above the anterior orifice of 
the canal, tensor.-tymp., or at the canalis caroticus, and running 
backwards and laterally along the boundary of the anterior edge of 
the pyramid and of the tegmen tymp., leads to the hiat canal. 
Fallopii. The facial canal, at this spot uncovered, appears here, on 
an average, larger in the new-bom infant than in the adult. 

Noteworthy among the details on the posterior surface of the 
pyramid (Fig. 21) are, besides the porus acusticus intern, (mi) in the 
anterior segment, the niche (fossa subarcuata — hi) which, lying below 
the superior semicircular canal, interrupts the upper margin of the 
pyramid, and is occupied by a vascular process of connective tissue 
proceeding from the dura mater (Wagenhauser), but during growth 
becomes so obliterated that in the temporal bone of the adult only 
traces of it are to be found; secondly, the superior crus of the 
posterior semicircular canal (ch), which projects at the same height 
with the porous acusticus intern, behind the inner crus of the canaL 
semicirc. super., as a roundish eminence ; and, Jastly, the depressed 
orifice of the aqtcd. vestibuli, situated below this elevation. The 
slightly concave surface of the most posterior section of this wall of 
the pyramid (Fig. 21, si), shows as yet scarcely any indication of the 
future sulc. sinus transversua. 
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For the study of the topography of the temporal bone in the aew- 
bom infant a few sections through the entire boae are required. 
Three in particular are absolutely necessary for understanding the 
respective details in the temporal bone of the adult. One of these is 
B frontal cut passing vertically through the posterior part of the 
squama, through the tuberculum mast, and the foramen stylo-mast., 
and dividing, in addition to the squamous and mastoid portions, the 
posterior part of the petrous bone. It shows (Fig. 27) the outlines of 
the antr. mast., its height and transverse diameter, and the share the 
pars squamosa et petrosa take in the formation of its walls. Very 
plainly visible in such sections is the overlapping of the lamella (t), 
proceeding from the superior surface of the pyramid, and of the 
lamio. mast. int. of the squama (1) ; also the apposition of the cellular 
portion of the squama (a) to the tuberc. mast. (tu). The second 
frontal cut (Figs. 31, 32) passes through a plane, which lies on the 
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no. 27 Front«l section througii the an- 

trnm nuutoid. of a new- bora iafaiit : 
posterior view. (Right ear.) — a = outer 
lamella of the antnim belonging to 
the aqnamouB portion ; 1 = lanun. most, 
int. of tbe pan aquamos. antura petro- 
•qaamosa ; t = tegm. bjinp. ; tu — tuber- 
colnm mastoid. ; e = foeea subarauata ; 
e = cochlea. 



one side through the greatest diameter of height of the squama, the 
lUvinian segment, the posterior cms of the annulus (midway between 
the entrance of the canal, carotic. and the foram. stylo-mast.), and on 
the other side through the internal auditory meatus. It meets the 
promontorial wall close in front of the niche of the fenestra ovalia. At 
the anterior part of this section (Fig. 32) we notice the transition of 
the tympanic cavity into the canalis musculo-tubarius ; at the posterior 
piece (Fig. 32), the passage of the upper tjTnpanic space (c) into the 
antr. raast This section, an illustration of which is given in the 
following chapter, is, as we shall see, also of importance for the study 
of the growth of the external meatus. The horizontal cut through the 
temporal bone (Fig. 28) falls in a plane lying through the tubercul. 
mastoid., the lower wall of the osseous Eustachian tube, and the 
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mternai meatus. It effectually shows the mode of apposition of the 
aimiilus tymp. to the edge of the lower and posterior walls of the 
tympanic cavity (a) ; the relative position of the canal, carot (c) to 
the osseous Eustachian tube, and to the anterior wall of the tympanic 
cavity ; the shaiw of the pars mastoidea in transverse section ; at the 
posterior boundary of the cavum tymp., the position of the facial 
canal (f ) and of the sheath of the styloid process (p) ; and lastly, at 
the inner edge of the para petrosa, the section of the hiat. sub- 
ucuatus (s). 

The sections through the petrous bone of the new-bom infant, 
which are to represent the cavities and canals of the osseous labyrinth 




Fio. 29. — Temporal bontt of a child oneyekr old. (Right oar.)— v = oreeoug growth kriiing 
from the tubeicul. &Dt. of the tympsDic ring ; b — osaeoua growth from the tub«rcul. 
postic. ; a = g»p left between the anterior and posterior osneoua growthi, meeting at the 
Ulterior lower wall of the auditory canal ; g g = cavitaa glenoidal. with the root of the 
proc. zygonniit. : tbo tower g martu likewise the inferior lip of the tegm, tymp. thrust 
between the aqnama and the os tymp. ;  = apex of the pyiuaid ; m — proc. nuutoid. 

for the purpose of study, will be discussed more fully in the chapter 
' Preparation of the Osseous Labyrinth.' 

Those who desire to gain information as to the various stages of 
the growth of the temporal bone as they present themselves in early 
infancy up to the age of the adult, may with advantage make use of a 
collection of skulls arranged according to age, such as are to be found 
in great anatomical institutions. A model collection of this kind is 
that of the Anatomical JIuseum of Vienna, the inspection of which 
will bo found very instructiva 

From the examination of a number of skulls arranged according 
to age, we generally find that the growth of that part of the osseous 
meatus which proceeds from the pars tymp, progresses most rapidly 
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i&d terminates soonest ; that, hovever, the upper wall of the meatus, 

med by the pars squamosa (horizontal portion) does not attain until 

later its permanent length and width ; and that the mastoid process 

11 fiiUy developed last — often not until puberty, and is even after that 

•time subject to internal changes. 

Should a series of skulls or temporal bones arranged according to 
I age not be accessible, the development of the osseous meatus after 
1 birth may be followed on three or four temporal bones : of the new- 
' bom infant (Fig. 20), of children aged respectively one and two years 
j (Fig. 29), and of the adult (Fig. 30). 

The growth of the osseous meatus, in the formation of which the 
I, squamous and tympanic portions of the temporal bone chiefly partici- 
I pate, proceeds in the following manner t As early as a few weeks after 
I birth an increase of substance may be observed on the tubercles at the 
I lateral side of the tympanic ring, which have been called tuberc. antic. 




Tia. 30. — Outer view of the mbgous matUB of mn adult. (Left eir,)— a = bomonUl 
portina of Che squama, upper wall of the meatus ; b = pan tjmpamoa ; e = lumen of the 
auditory canal ; d = mBitoid process, 

and postic. (Fig. 22, a p, Zuckerkandl). The rapid growth of these 
tubercles (Fig. 29, v h), and the simultaneous increase of substance in 
the whole of the tympanic ring, mostly lead as early as the first year 
of life to a bridge-like union between them. There remains between 
the lower periphery of the annulus and the osseous bridge, which 
forms the outer section of the anterior and lower walls of the meatus 
a gap (o). varying in size, and closed by fibrous tissue, and which 
frequently up to the third year of life is filled with bone ; often, how- 
ever, it persists up to the fifth or sixth year, and even sometimes 
throughout life (Ossificationsllicken of Arnold and v. Trciltsch). 

On the temporal bone of the adult the part of the osseous meatus 
formed by the pars tyrap. presents itself as a groove-like convoluted 
osseous plate (Fig. 30, b), which looks as though pushed from below 
into the sulcus, facing downwards, and which ia formed by the hori- 
zontal portion of the squama (a), the process, articul. post, and the 
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mastoid process.* The limits of apposition of the oa tymp. 
squamous and mastoid portions aro generally recognisable by the 
trace of a suture, rarely quite obliterated. 

The formation of the superior wall of the meatus out of the 
squamous portion proceeds in such a manner that the squama proper 
above the linea temporalis (Fig. 31) retains its position; while that 
part (p p, superficies meat. Schwalbe) which is situated below this 
line, betweeu the process, artic. poatic. and the tuberc. mastoid., 
gradually assumes during growth a horizontal position. 




Fia. 32. — Fmntal section 
through the middle of the 
temporal bone o[ a, new- 
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FlO. 38.— Vertical (frontal) 
section throagh theosaBoui 
meatm and the tympanic 
cavity. (Loft ear.) — 
a = iquaroa ; b* — hon- 
zuDtal portion of the para 
Bqu&moga; b = upper wall 
of the oueoDB meatus ; 
c = lower wall of the 
oaaeous meatus; A = 
= tytnpai 



Fid. 31. — Fmatal section 
through the middle of the 
temporal bone of a new- 
bom infant : poaterior 
view. (Left emr.) — p p 
— tower portion of the pan 
■quamoea (superiicIesiDeae 
ext. ) ; n = attachment o 
thu poslcrioE eras of thf 
ring to the pars moatoid. 
oaa. petroa. ; a — «utur< 
between the lower 
phery of the annnlua and 
the margin of the pars 
petroaa ; 1 — lamin. int. o' 
the pan squamosa i a - 
■utura petra - squamosa 
t = tegmen tymp. ; f = 
hiat. can. Fallopii ; a = 
Dpp«r tympanic space 
= cochlea ; mi = meat 



If the sections of the temporal bone of the new-bom infant 
(Figs. 31, 32) and those of tho adult (Fig. 33). as shown in the 
accompanying illustrations, be placed side by side, it is easy to see 
that the piece marked p p' of the para squamosa (Fig. 32) is the one 
which becomes during growth the portion (b) shown in Fig. 33, 
forming the upper wall of the meatus, and standing at a right angle 
to the squama proper. After what has been said, the anterior and 
lower walls of the osseous meatus are thus formed exclusively out of 

• Dn Vemey, Traits de I'organe de Touis, 1731. 



SECTIONS THROUGH THE TEMPORAL BONE OF THE ADULT. 33 

the OS tympan., the upper wall almost entirely by the pars squamosa ; 

I vhile in the formation of the posterior wall the tympanic, mastoid 

ind squamous portions participate, the latter in a great measure by 

Bina mastoidea, which forms the anterior surface of the mastoid 



2, SECTIONS THROUGH THE TEMPORAL BONE OF THE ADULT. 

For the study in detail of the temporal bone in the adult, a series 
[ of sections running parallel in a sagittal, frontal, and horizontal 
[ direction are made by means of a fine fret-saw (No. 12) through three 
f diSereut temporal bones. In order not to miss the direction of the 
aits, it ia well to mark them, as to their position and distance from 
\ each other, by drawing lines on the outer surface of the bone As the 
I . sections of the cavity of the labyrinth will be discussed m the chapter 




Fla. 3-1. — Eiternal opening ol Uiu oBBmas 
meatUH on the macetated temj»ral bone of 
an Bdult. (Rigbt our.) — t = pars tymp. of 
the oaaeouB meatiia ; m — pnra aquamoaa 
(horiEonUl portjon] of the oumui meatus ; 
^ = Bpina anpra mealum (Beiold) ; p = 
proc. uticuluu of the maiillBr; jaint ; w = 
nuutoid proceaa. 



Fia. 35. — Sagittal aaw-cut, 6 mm. 
medially from the external open- 
ing of the osseoue meatoe on ths 
some preparation. — v = aoterigi 
lower vroll of thu osBcioDa neattu 
belonging to thenrstimp. ; c = 
pneumatic cell-Bpaces oE the 
middle ear, situated along the 
posterior upper wall of the 
meatua ; o = qppec edge of the 
pyramid ; a — sin. ui^oideus ; 
at - proc seyloideuB, 

on the preparation of the osseous labyTinth, we will in the following 
chieSy consider the sections of the osseous meatus and of the middle 
ear. 

The first series of sections through the temporal bone in a sagittal 
direction is made perpendicular to the axis of the external meatus. 
Three parallel sections, from the external orifice to the incisura Rivini, 
suffice to bring into view the change of the transverse section of the 
external meatus from without inwards, and its topographical relations 
to the glenoid cavity, to the mastoid cells, and to the antrum 
mastoideum. 
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As the width of the osseous meatus in the normal state is subject 
to very great variations, a number of temporal bones should bo chosen 
for making the sections, which should include, besides specimens with 
meatuses of average width, also such having extremely wide and very 
narrow ones. The sections here illustrated are taken from a temporal 
bone with a meatus having a lumen of average width. 

The first cut commences at the inner surface of the squamous 
portion, close to the boundary between the lower and lateral walls of 
the middle cranial fossa, falling thus on an average 5 mm. medially 
from the inferior rough edge of the pars tymp. A comparison of the 
transverse diameter of the external orifice of the meatus (Fig. 34) 
with that of the first section (Fig. 35) shows that the height of the 
latter has diminished by 2i-3i mm., and the transverse diameter by 
2-3 mm. In the following cut, made 3 mm. medially through about 
the middle of the lower wall (Fig. 36), the height of the elliptic trans- 
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F[Q. 38.— Sagittal aectioD, 3 mm. medially from the previnns 
cif the meatus j an = lateral portioQ of the antrum uiaet. 
= upper edge of tha pyramid ; h = iM puBterior edge. 

verse section, which is strongly inclined forward, is found but slightly 
less ; the transverse diameter, however, shows a decrease of 2-3 mm. 
Lastly, on the third cut (3 mm. towards the median line) passing 
through the incisura Rivini and the posterior superior portion of 
the sulcus tymp., the height again increases by 1-lJ mm., while the 
transverse diameter (1 mm. less than on the previous section) Is here 
narrowest. 

The narrowest place (isthmus meat, ext.) of the osseous meatus, 
diminishing from without inwards, especially in the transverse dia- 
meter, is thus, on an average, between the posterior superior edge of 
the membrana tympani and the anterior inferior wall of the meatus 
opposite, which is here most strongly curved backwards. Sometimes 
the isthmus commences 11 mm. laterally from the posterior margin of 
the tympanic membrane. 

The osseous meatus in the adult resembles a laterally compressed 
cylinder, the transverse section of which takes the form of an irregular 
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oral with its greatest diameter strongly inclined forwards. Such being 
the form of the section, it is, as Bezold (l.c.) rightly observes, i 
mble to sharply define the limits of the walls of the meatus. Indeed, 
one may, not only on corrosion sections, but also on sagittal sections 
of the temporal bone, and by a glance into the meatus in a macerated 
skull, become convinced that, in consequence of the lateral flattening 
of the auditory canal, two of its walls are more strongly marked, viz., 
the posterior upper and the anterior lower, which meet in a short 
curve at the extreme points of the long diameter of the oval. 

The measurements of the transverse diameter of the meatus must 
be made, not only on sagittal, but also on horizontal and frontal 
sections of the temporal bone ; likewise on corrosion preparations, 
According to Bezold's {l.c.) method. When determining the dimensions 
from the latter, one should, notwithstanding the great advantages 
gained thereby, not dispense with taking the measurements of bone 
sections also into account. Considering the great importance of the 
subject, anatomists and otologists have directed their attention 
especially to the measurements of the auditory canal, and VonTroltsch, 
Sappey, Hyrtl, and Bezold have already given such detailed information, 
that hardly anything new remains to be added. I can, however, on 
looking over these measurements, not avoid observing that I do not 
quite understand the mode of determining the average number from 
a long hst of single measurements. Not infrequently, average numbers 
occur, which are not found in any single case of the series in question. 
Now, as such average measure does not exist in reality, it is, in my 
opinion, of no practical value. More simple does it appear to me to 
quote such measurements as mean results which have been foimd in 
the greatest number of preparations, and along with these to state how 
fer, in the smaller number of preparations, these figures are exceeded 
or not. 

The measurements made by me on sagittal sections of the meatus 
gave, in the majority of temporal bones, the following results : At the 
external opening of the osseous meatus in the vertical plane of the 
anterior edge of the pars tymp. a high diameter of 12 mm., transverse 
diuneter 10 mm. In the middle of the osseous meatus, high diameter 
9 mm., transverse diameter 5 mm. At the inner extremity of the 
superior wall (incisura Rivini), high diameter 10 mm., transverse 
diameter 4 mm. In the smaller number of temporal bones, with very 
wide and very narrow meatuses, these numbers vary between 1-3 mm. 
and above. Bezold found, on corrosion sections, the following average 
measurements : at the commencing portion of the osseous meatus, 
a high diameter of 8.67 mm., a transverse diameter of 6.07 mm. ; at 
tiie end of the meatus in the vertical plane of the incisura Rivini, a 
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high diameter of 8.13 mm., a transverse diameter of 4.C mm. The 
reaflon of this perceptible difference between the results of the two 
measurements is probably to be found in the fact that the majority 
of Bezold's corrosion casts were taken from unmacerated organs of 
hearing, in which the lumen of the meatus, from the periosteal and 
cuticular lining, must appear materially less than in the macerated 
temporal bone. 

The sagittal sections through the external meatus here illustrated 
(Figs. 35 and 36) give a general view of the relations between the 
posterior superior wall of the meatus and the pneumatic spaces of the 
mastoid process. As the mastoid process proper lies more laterally 
than the external opening of the osseous meatus, the previous cut, 
dividing the squama and zygomatic process, will include also the 
entire mastoid process (Fig. 34, w), and a part of the sinus sigmoideus. 

On the first sagittal section, made medially from the external 
opening of the meatus (Fig. 35), appear those pneumatic cellular spaces, 
situated between the posterior superior wall of the meatus on the one 
side, and the sinus transversus, as well as the posterior surface of the 
pyramid, on the other side, which effect the communication of the 
medially placed antrum mast, with the lateral cellular spaces of the 
mastoid process. Their exceedingly varying number and arrangement 
stands, as may be seen especially on horizontal sections, in a certain 
relationship to the pneumatic or diploetic condition of the mastoid 
process. 

When the series of sagittal cuts has passed the middle of the 
meatus (sometimes before), the lateral boundary of the antrum mastoid, 
is very often met with (Fig. 36). It thus extends in a lateral direction 
considerably beyond the boundaries of the tympanic cavity. Its 
positioD, behind and above the osseous meatus, sufficiently explains 
the not infrequent spreading of suppurative processes in the antrum 
and adjoining cellular spaces to the osseous meatus. But this 
anatomical relationship shows, at the same time, that the operation 
of opening the antrum mastoid, may also be performed from the meatus, 
a proceeding which was first proposed by K. Wolf,* and which, no 
doubt, will be more extensively practised in future than has hitherto 
been the casa 

The sagittal cut (Fig. 37),, made through the incisura Rivini and 
the posterior portion of the sulcus tymp., strikes the anterior wall of 
the meatus at a distance of 4-5 mm. from the most medially situated 
anterior lower portion of the sulcus tymp. It exposes that part of 
the antrum which lies behind the tympanic cavity and the promon- 
torial wall of the latter. Owing to the obtuse angle which the axis 

' Bed, klin. Wochemchr, 1877. 
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I of tho pjrramid forms with that of the external meatus, this cut 
I meets also the horizontal (h) and tho posterior (n) semicircular 
[ canals. 

This inclination forwards and inwards of the pyramid is also the 
[ cause why the sagittal sections made vertically to the axis of tho 
I meatus further inwards, strike the tympanic cavity and the pyramid 
L in so slanting a direction that they gradually become similar to the 

 frontal ones, which are carried perpendicularly to the axis of the 
I pyramid. 

The medial cuts of the sagittal series here described, meeting the 
I ■^mpanic cavity as well as the pyramid in an oblique direction, it is 

 necessary to make a sagittal cut through the tympanic cavity on a 
l-second temporal bone, in such a way that it brings into view the pars 
I squamosa et tymp. with the annulus tymp. on the one side, and the 
1 pars petroaa, along with the inner wall of the tympanic cavity, on the 
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I Tin. 37.— Sngittnl section, 3 mm. medially from the previrjus one. (The aectJon ns hare 
repreaenCed, ia Buppoaed to be turned B0° fnrw&rd.) — v — lection of tbe anterior lower 
mtU of the meatua ; b = enlctu tymp. ; an — imtrum mant. ; t p m — oseeoua ledge in tbe 
apper tympanic space, from the rostr. cochleBre to the spina tymp. poit. ; xa = cavit. cap. 
~~~"ei ; u — lower wall of the tympanic cavity; b □ — sections of ramidroulu' 



lOther side. The cut must thus pass in a sagittal direction through 

Elbe tegmen tymp, and through the floor of the tympanic cavity, 

I between the lower segment of the sulcus tymp. and the inner tympanic 

I Vail. As on the intact temporal bone the direction of the cut may be 

f.easily missed, it is better to make sure of it by opening the tegmen 

tymp. to the width of lJ-2 mm. with a graver or forceps, in a line 

drawn from the anterior outlet of the canalis musculo-tuharius towards 

the incisura parietalis. This gives a free view into the tympanic 

cavity, and enables us to divide the lower tympanic wall, between the 

sulcus tymp. and the promontory, exactly in the middle. The temporal 

bone thus cut in two, shows, on the one side (Fig. 38). the outer wall 

L of the tympanic cavity and the lateral wall of the osseous Eustachian 

Ttube (d); behind it, the roundish elliptic gap for the reception of the 

Ttympanic membrane, the sulc. tymp. (a) ; at the upper segment of 
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tbe tympanic frame, the Bivinian notch (b), to receive Slirapnell's 
membrane ; above that, the malleo-incudal niche (b c) aud ihe transition 
of the smooth surface into the cellular wall of the antrum mastoid. 
The inner aspect of this sectioa shows, when the preparation is in a 
normal position, the strong inclination of the tympanic frame and 
of the entire external wall of the tympanic cavity to the horizontal, 
and the acute angle which the anterior lower wall of the meatus, 
ascending almost perpendicularly from the lateral side of the sulc. 
tymp., forma with the plans of the annulus tymp. 

On the inner piece of the temporal bone, aawn through in a 
sagittal direction (Fig. 39), we find the details of the inner wall of the 
tympanic cavity already mentioned on the pars petrosa of the new-bom 
infant (p. 27). Fenestra ovalis (o) et rotunda (r), sinus tymp., 

A 
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Fio. 38. — External tympanic Fig. 39.— SagitUI section through the middle of tbe 

wall with the nulcm tjmpkni- t^m. tymp. and of the lower tympaaio wall. Lateral 

cus. (Right ear.) — a — bqIciu view of the inner half. (Left ear, )~te - tub, Eust. 

Ijmp. ; b = inoiaura Riviiii otw. ; ct = canaliii pro teni. tymp. ; c = lower, ridged 

(margo tympanicaa) ; d = tympanic wnll ; o = fenestra ovalis ; r = fenontia 

laterd wall of tbe EiutaohiaQ rotunda ; an — antrum mastoid. ; f - canalis Fallopii, 

tnbe. communicating, towards tbe front, with the cavit. 
Btapedii ; w = martoid proceas. 

promontorium, canalis pro tens. tymp. (ct), median wall of the 
Eustachian tubo (te), eminentia staped. and the protuberance of the 
horizontal semicircular canal extending into the antrum mast, appear 
almost exactly of the same dimensions and relative positions as in the 
new-bom infant. Merely by the increase of substance at the apex of 
the pyramid, at the tegmen tymp., at the lower wall of the tympanic 
cavity, but especially through the growth of the mastoid portion, 
does the pars petrosa in the adult reach, in all its dimensions, almost 
more than double of what it is id the new-born infant. 

Now, while the details of the inner tympanic wall appertaining to 
the labyrinthine capsule undergo after birth scarcely any change, the 
canabi running in the temporal bono become in the adult considerably 



longer, and their position is somewhat altered. Itlost remarkftble is 
the increase in the dimensions of the carotid and facial canals, con- 
current with the growth of the os tymp, and of the anterior point of 
the pyramid, these canals attaining almost double the length they 
have in the new-bom infant. 

According to my measurements, the length of the canalis caroticus 
in the new-born infant amounts to 10-12 mm., in the adult to 
25-30 mm. ; the greatest diameter at the lower opening of the canal 

the new-bom infant 4i-o mm., in the adult 8-9 mm. ; the greatest 
diameter at the upper opening of the canal in the new-bom infant 
8-4 mm,, in the adult 6-7 mm. 

The sagittal cut here described meets the middle portion of the 
sin. sigmoid, so far medially as to leave the entire mastoid process 
■with the incisura mast, on the outer piece of the temporal bone. At 
the same time the facial canal on the posterior wall of the tympanic 
cavity is struck in such a way that its lowest portion also falls in the 
lateral piece of the divided temporal bone. If, in dividing the 
temporal bone, it is intended to retain the entire facial canal as far as 
the foramen stylo-mast, on the inner of the two pieces, the sagittal cut 
should pass through the lateral side of the foramen, as shown in 
Fig. 39, dividing thus the sulcus tymp. in such a direction as to leave 
a small portion of the lower wall of the meatus on the inner piece of 
the preparation. 

Equally instructive for forming an idea as to the relative positions 
of the cavities and canals in the temporal bone will be found a series 
of sections, made in a frontal direction nearly vertically to the long 
axis of the pyramid, from its apes to the hindmost portion of the 
mastoid process. From eight to ten cuts, carried with the saw through 
the temporal bone at various distances, in front, 3-4 mm., in the 
middle and behind 5-6 mm. from each other, give a good idea of the 
section of the Eustachian tube and tympanic cavity, as well as of the 
topographical position of the labyrinthine cavity to the cavum tymp. 
Considering the practical importance of the middle ear, the anatomical 
relations of this series of sections will be briefly sketched hera 

First cut (Fig. 40) about IJ cm. behind the apex of the pyramid 
and about 5 mm. behind the anterior opening of the canalis musculo- 
tubarius. The osseous Eustachian tube (tu) is cut through about its 
middle, the lamella of the canalis pro tens. tymp. (1) in its anterior 
portion. The form of the section of the tube is mainly a triangle, 
■having its base at the tegmen tymp. (tg), and its apox (tu) directed 
downwards. The thick lateral wall of this triangle (lateral wall of the 
tube) belongs to the pars tymp,, the inner thin one to the canalis 
caroticus (c). 
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Second cut {Fig. 41), 3 mm , behind the first. It meets the 
anterior segment of the lower turn of the cochlea (co), the anterior 
section of the canal of the tube (tu), which is here quadrangular and 
generally quite separate from the canalis pro teas, tymp. (m), and 
bounded medially by the compact and dense wall of the labyrinth (w). 



m to 





Flo. 40.— Section through themlddleportion 
of the osseous Eustaoliian tube. (Right 
cur.) — tg - tegmen tymp. ; tu = trana- 
vetse tectioQ of the tub. Eust. oasea ; 
C — it< medial wall, formei] b}' the canaL 
carot ; m — inferior oeaeoua lamella of the 
canal, pro tem. tympaal. 



Fio. 41.— Finntal Bection of the temporal 
bone in tbo vicinity of the aoterior seg- 
ment of the lowec convolution of the 
cochloa, 3 mm. bthind thepceviouaseation. 
— tu = transverse Bection of the osseoua 
Eustachian tube in the neighbourhood of 
the ostium tjmp. tubfe ; w = its inner 
compact wall ; m = canal, pro tana. tymp. ; 
CO = cochlea ; mi = meat, audit, int. ; 
cristn Ijmpanico - petrcoa (ariila 






Third cut (Fig, 42), 3 mm. behind the previous one. This meets 
the tympanic cavity anteriorly, between the ost. tymp. tubte and the 
anterior segment of the sulcus tymp., the distance between which 

m CO 





Pig. 43. — Frontal tiection, 3 mm. behind 
the previous one— me = anterior vail of 
the auditor; canal ; s = sulcua tymp. ; 
o — most anterior portion of the upper 
tympanic space ; u — lower tyropanio 
wall i ve = veatibulum ; pr - promontory 
with the section of the first cochlear oon- 



FlQ. 4Z— Frontal section, 3 mm. behind 
the previous one. tbroDgh the axis of the 
oootuea. — ct = transverse section of the 
tympanic cavity, immediately behind the 
ost tymp. tubs ; m = canal, pro tens. 
tylnp. ; v = lateral tympanic wall be- 
longing to the pars tymp. ; co — cochlea ; 
mi — meat, aodit. int. voJution. 

is 1-lJ mm. The cut here passes almost exactly through the modiolus 
of the cochlea (co), the apex of which points directly towards 
the canahs pro tens, tymp. (m). Above the second convolution of the 
cochlea the plane of this section shows, as a rule, the hiatus canalis 
Fallopil 
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Fourth cut (Fig. 43), 3 mm. behind the preceding. This passes 
through the anterior portion of the upper and middle tympanic space 
and through the external meatus, the anterior (me) and lower (u) walls 
of which are divided close to the sulcus tymp. At the medial side of 
the section of the tympanic cavity, the promontory, the processus 
' cochlearis, and the canalis Fallopii are cut through close to the 
anterior edge of the fenestra ovalis, and with the first turn of the 
cochlea the vestibule (ve) also is exposed. By this transverse section 
the relations of the fossa jugularis (j) to the inferior wall of the 
tympanic cavity and to the lower surface of the pyramid become like- 
wise visible, 

Fifth cut, 5 mm. behind the last (Fig. 44). It gives a clear topo- 
graphical view of the antrum mastoid, in its relation to the tympanic 




Fin. -11.— Frontal section in front of the posterior wall of thetympsniccavjlj.— me = lueBt. 
extern, ; a =: lower se{(meiit of cbe Bulciis t;iD}i. ; w = posterior tympniiiia wall ; an — 
antrum mast, ; cr = crlata longitnd. uitr. ma«C. : CB = cunal. Kmiciro. super. ; h h' = 
openings of the section of (he cuial. MnDicirc. hurtiODtaL ; p p' = openio); of the seotiuD 
oE the canal, aemicin:. post. ; f ~ opening of the section of the facial canal ; j = fossa 
jugularis. 

cavity and the external meatus. As the cut falls behind the vestibule 
it meets all the semicircular canals and the descending portion of the 
canalis facialis (f). 

The sections farther back concern the antrum mastoid, and the 
mastoid process, and will, therefore, be noticed in the chapter ' Prepara- 
tion of the Mastoid Process.' 

Frontal cuts carried, as here described, in parallel planes, necessarily 
strike the external and internal meatuses in a slanting direction, as the 
axis of the latter forms with the long axis of the pyramid an obtuse 
angle opening outwards and towards the front (comp. Fig. 47), In 
order, therefore, to obtain a section through the temporal bone, show- 
ing most clearly the anatomical relations of the external meatus to 
, the middle ear, a cut is carried in such a way a^ to pass through the 
long axis of the external meatus, and also through that of the internal, 
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which lies In nearly the same direction. The cut thus goes through 
the asis of the external meatus, and through the middle portion of 
the tympanic cavity, meets the inner v/aU of the latter in front of the 
fenestra ovalis, divides the anterior part of the vestibule and the first 
turn of the cochlea, and terminates at the internal meatus. The tern- 




Fig. 45. — Anterior half of n temporal bone,aawn through in a frontal direction in the lonB 
iLxie of the Piteraal meatna. (HiRht ear.) — me — meot. audit. ext«rD. ; o = upper wall 
of the meatne ; u = ita lower will [ at = sulcus tjmp. ; t = tegm. tjmp. ; uc = lower 
tjtntuuiic vail ; ot — nat. tjmp. tubs ; tt = canal, pro tens. t;mp. ; ct - fovea capit. 
~"" ~ t. audit, int. ; f f ^caiuL faoialii; oo = coohlea. 
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Via. 40.—FraDtal acction through the tcmixtral bone. (PoeterJor half.) — me = meat, audit, 
ext. ; — upper u-all of the meatus ; u = its lower wall ; te - tegmen tjmp. ; ca = lower 
wall of the tympanic cavity ; ly = sulcus tynip. ; p = promontory ; an — antrum mart. ; 
B — eminentb stupvd. ; 1 — canalis facialiu ; v— vnatibule ; co = cochlea ; mi = moat. 
audit, int. ; ma = proc. maaloid. : >i = fossa jugulariB. 

poral bone, thus divided into an anterior and posterior half, shows on the ' 
surfaces of both sections the length and thickness of the inferior (u) and 
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iiperior (o) walla of the meatus, the relative position of the latter to 
■the middle cranial fossa ; the transverse section of that part of the 
Ttympanic cavity in which the ossicula are situated, tho section of the 

t8gmen tymp. (t te), and of the inferior wall of the tympanic cavity 
r{uc and ca), and the important relative position of this wall to the fossa 
ff jugularis. In addition to this we notice, on such sections, what is of 
I ao much importance in chronic suppurations of the middle ear, the 
t relations of the upper tympanic space (cav, epitympan., Schwalbe), 
I which passes into the antr. mast., to the posterior upper wall of the 
I meatus (o), the inferior sharp edge of which is roofed over by the 
I external portion of the cav. epitympan. This part of the latter which, 
! Bfi we shall see later on, serves for the reception of the head of the 
I malleus and of the body of the incus, is sometimes the seat of an 
I independent suppuration, leading to perforation of the membr. flaccida 
1 and to fusion of the margo tymp, with the adjoining wall of the 

meatus. 

Frontal sections through the temporal bone are especially suited for 

measuring the width and height of the osseous Eustachian tube and of 

the tympanic cavity. The determination of the transverse diameter of 
L the latter, in the vicinity of the tympanic membrane, can only be made 
•on unmaceratod temporal bones. The measurements noted by me on 
Bft large series of sections may be gathered from the following : Height 
■of the osseous Eustachian tube in the middle of the canal (Fig. 40) 6-7 
Kmm., width of tube below the canalis pro tens. tymp. 4-5 J mm. ; height 
■of the ost. tymp. tubre 4-oJ mm., its width 3i-4 mm. (according to 
I Bezold, height 4.5, width 3.3 mm.). Anterior portion of the tympanic 
I cavity, immediately in front of the ost. tymp. tuba; (Fig. 42), height 
I 9-10 mm., width 3-4i mm. Middle portion of the tympanum, where 
I the upper tympanic space is largest (Fig. 45), height from the floor to 
I the roof 14-16 mm. (Bezold, on corrosion preparations, 11.73 mm.), 
I Height at the hindmost portion of the tympanum in conformity with 
I Von Triiltsch 15 mm. The width of the tympanic cavity immediately 
I below the tegmen tymp. varies between 6 and 7 mm., from the incisura 
I Rivini to the inner tjonpanic wall, between 5 and ti mm., at the most 
I posterior portion 5-6 mm. The breadth of the inferior tympanic wall 
I shows, in the majority of temporal bones, a transverse diameter of 5 mm. 
I'The height of tho posterior tympanic wall is 7-8 mm,, that of the 
I anterior wall, ascending obliquely from the floor of the tympanum to 
I the lower edge of the ost. tymp., 2-3 mm. The distance &om the floor 
 of the tympanic cavity to the lower edge of the sulcus 2i-4 mm. 
I (according to Bezold, on an average, 2.71 mm.). The height of the 
ftopening leading to the anf posterior tympanic wall 

■from the lower angular de" "t varies between 
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5 and 7 mm., its width from 6-7 mm. (according to Bezold's sections 
from corrosioQ preparations, height 5.68, width 6.69 mm.). In 
exceptional cases the height exceeds the width. 

The superior wall of the osseous meatus (Fig. 45), which is of 
variable thickness, presents sometimes a nearly compact structure ; 
not infrequently, however, diploetic or pneumatic cellular spaces, 
which as a rule are situated in the neighbourhood of the superior 
lamella of the wall of the meatus, and which rarely are connected with 
the oavum tymp. itself, but communicate with the antrum mast, and 
the pneumatic cells lying at the posterior wall of the auditory canal. 
They sometimes extend from here forwards as far as the root of the 
zygomatic process (Kirchner). On frontal sections a longish fissure 
(Fig. 46) is frequently met with in the superior lamella of the upper 
wall of the osseous meatus ; it arises, as before stated, by the lamina 
tegminis tymp. overlapping the lamina interna of the pars squamosa. 
The section of the lower wall of the meatus passes inwards and down- 
wards into the sharp edge of the crista petrosa. As, however, especially 
towards the front, the pars petrosa, and to even a greater extent the 
pars tymp., take a part in its formation, this crest might be more 
correctly called the crista tympanico-petrosa. 

The great individual differences in the thickness of the tegmen 
tymp. and of the lower wall of the tympanic cavity can best be 
demonstrated on frontal sections made through a considerable number 
of temporal bones. In the tubal section, especially over the ost. tymp. 
tubee, the tegm. tymp. is much thicker than over the upper tympanic 
space. Here it appears sometimes thick, compact, or cellular ; some- 
times, again, as thin as paper, perforated like a sieve, or to a large 
extent broken through (dehiscence of the tegm. tymp., Hyrt!.*). Also 
the wall bounded by the fossa jugular, is sometimes thick and com- 
pact, rarely cellular, and at other times thin, bulging out bladder-like 
towards the tympanic cavity ; sometimes, again, dehiscent. 

The third series of sections through the temporal bone is made in 
a horizontal direction. Three parallel cuts complete the topographical 
picture of the external, middle, and internal ear, as described on the 
former sections. The uppermost cut commences at the spina supra 
meatum — that is, close above the superior wall of the meatus — meets 
the uppor tympanic Hpace and the antr. mast., divides the superior 
semicircular canal, and terminates at the superior wall of the internal 
meatus. The Hucond cut, lying 5-6 mm. lower, passes through the 
external meatus Nomewhat above its axis, consequently nearer to the 
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f superior than the inferior wall, divides the boundary between upper 
I and middle tympimio space, and runs through the pyramid in a plane 
I lying in the middle of the internal auditory canal. The upper aspect 
L of this cut (Fig. 47) shows the section of the anterior (a), superior, and 
[ posterior (h) walls of the meatus, with the Riviniao segment (iR), the 
V npper tympanic space (ct) behind it, the antr. mast, (am) communi- 
E oating with it, and the pneumatic cells of the mastoid process (c c') 
C aituated in the vicinity of the sinus transversus (si) ; towards the 
I front, in the angle formed by the pyramid and the squama, the canaiis 
I musculo-tubarius, On the pyramid the section shows most distinctly 
Kthe upper vestibular space (v), the cochlea (co), and the internal 
us (mi). The surface of the cut on the lower piece (Fig. 48) 
s in a comprehensive manner the length of the anterior, inferior, 
land posterior walls of the meatus, the relative position of the latter to 
tthe mastoid cells, the width and length of the lower tympanic space, 
and the details of the middle ear and labyrinth mentioned in con- 




— Horizontkl seaUon through the temporal bone of an adult. (Upper hiitf.)^iiu ^ 

-' aqaKa* ; k = proc lygonut. ; eg — cavit. gleauidalis ; me = meat, audit, exturu. ; 

ct = Okvum tymp. ; iK — inciaunt Rivini ; te = EusUchiui tabs ; nm — antF. mtat. ; 

cc' — cetluliB moat. ; mi = meat, audit, iutum. ; v — vestibule ; ch = canal, semic. 

borizoatoL ; CO = cochlea ; ca - canal, caraticus ; >1 — linui ugmoideui. 

jiection with the previous series of sections, and marked in the 
■accompanying illustration (Fig. 48). 

The length of the walls of the osseous meatus is best determined 
Jon frontal and horizontal sections of the temporal bone; but in 
; the measurements the same points at the external orifice of 
i and at the sulcus tymp. should always be chosen. The 
Ipwing measurements of the walls of the meatus agree generally 
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with the results obtained by Von Troltsch, Eezold, and others : 
Length of the superior wall of the meatus, between the incisura Rivini 
and that point where the squama turns into the horizontal part, 
14-16 mm. (Beznld, 14 mm.) ; length of the anterior wall, from the 
anterior edge of the pars tjinp. to the anterior segment of the sulcus 
tymp., 15-1(3 mm. ; length of the inferior wall from the corresponding 
edge of the pars tymp. to the inferior segment of the sulcus tymp,, 
15-16 mm. ; length of the posterior wall, 14-15 mm. 

With these average measurements, on the one hand, we occasionally 
meet with temporal bones on which the walls of the meatus appear 
longer by 1-3 mm. and more; rarely such where the length of the 
walls falls below the average. The measurements on temporal hone of 
children under twelve months show the average length of the walls 
of the meatus to be half of that in the adult. 




L 



Fig, 48. — HorizoDtal wctioo CiiroDgh tbe teoipor*] boDu of an adult. {Lower half,)— b = 
tntucioF wall of tbe meatus ; p = its loner wall ; at = Bulcni tymp. ; f - canatin facialis ; 
ct = canalis pro teni. tymp. ; v = veitibule, and at its floor, the fluure leading to the 
flcala tymp. of the cochlea ; ch = canatis aemicirc. horizontal. ; cu — cochtes ; ca ~ canalis 
caiotiouB ; w = proc. roast. ; st ~ sinus transvursiis. 

If, on a frontal section, a perpendicular line be drawn from the 
incisura Rivini to the lower wall of the meatus, the distance of this 
point to the lower segment of the sulcus tymp, amounts to 4-5 mm. 
(Von Troltsch, 6 mm.). A horizontal line from the inner boundarv of 
the posterior to the anterior wall divides the same, 5-7 mm. from the 
anterior segment of the sulcus. 

The length of the inferior tympanic wall, measured between the 
point where the ridged anterior wall bonds towards the ost. tymp. 
tubitj and the boundary of the lower and posterior walls, varies from 
10-12 ram. (according to Von Troltsch, 13 mm. ; according to Bezold, 
on an average, 1273 mm.). The lengtL of the osseous Eustachian 
tube fluctuates between 10 and 12 mm. ; that of the canalis pro tens. 
tymp., between 12 and 14 mm. 
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^H On horizontal sections of the temporal bone made below the 
^^fcvinian segment and the canalis pro tens, tymp., and which afford 
on the upper piece a free view into the antr. mast, and cav. epitymp., 
one may frequently notice, on the lower surface of the tegmen antr. 
mast., an elevation running in a longitudinal direction as far as the 
tegmen tymp., which laterally and medially is flanked by small ledges 
of bone standing vertically to its line of direetiort This elevation, 
which is not mentioned in the anatomical works I had access to, is 
either solid or contains a canal, and must be regarded as the inner 
boundary of the lamin, mast, int, part, squam., which is overlapped by 
the tegmen mast. (comp. Fig. 27). It may therefore be designated as 
crista tegm. mast. A second ledge of rather frequent occurrence, the 
crista transv. tymp., first detected by Bezold in corrosion preparations 
on the inferior surface of the tegmen tymp., and which describes an 
arch, open downwards, on the roof of the tympanic cavity, from the 
upper lamella of the proc. cochlearis to the spina tymp. major of the 
Rivinian segment, gives attachment to a fold of mucous membrane 
passing over to the tensor tendon. It may be called the anterior 
boundary of the cavum epitymp., upon whose lateral smooth and 
excavated surface (Fig. 45) lies the head of the malleus. 

To obtain a clear notion of the position of the two meatuses, of the 
tympanic cavities, and labyrinths, a frontal cut is made by means of 
the saw through the base of a skull which has been freed from the 
calvaria, passing on both sides through the asis of the external 
meatus, porus acustici interoi. and the posterior portion of the clivus. 
The cut through each temporal bono thus corresponds to the frontal 
one described on p. 42, and shown in Fig. 46. It is needless to 
dwell further on the advantages which such sections through the skull 
offer for estimating the relative inclination of the various cavities in 
the temporal bone. 

In order to make these serial sections available for study and 
demonstration purposes, it is recommended to number the consecutive 
pieces, and to fasten those belonging to one preparation in their 
proper order with tacks on a blackboard, or to cement them on a 
glass plate of the requisite size. The latter mode has the great 
advantage of allowing the sections to be examined on both sides. 

Another still simpler way of keeping serial sections of the temporal 
bone is to bore a hole through each of the pieces, and to string them 
on a piece of thin cord or wire. On preparations which are to be used 
for lecturing purposes the canalis caroticus may for greater clearness 
be painted over with red ; the sulcus transvers., the sinus petrosus 
superior et inferior with blue ; and the nerve-canals with yellow 
. water-colour. For studying the course of the canals, as well as the 
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entrance and exit of vessels and nerves in the temporal bone, it is best 
to make use uf short and long slitf bristles, which for demonstration 
may be allowed to remain. In order that they may not fall out, they 
are provided with small heads or knobs by dipping their projecting 
ends into melted sealing-wax. 



PKEPARATION OF THE PROCESSnS STYLOIDEDS IS THE TEMPORAL 
BONE OF THE NEW-BORN INFANT AND OF THE ADULT. 

At the lower edge of the external surface of the temporal bone of 
the new-bom infant there is, immediately behind the posterior crus of 
the ring, between this and the foramen stylo-mast,, an irregular gap, 
which leads into a short osseous canal directed upwards. This ia the 
sheath of the styloid process, at the lower opening of which the upper 
portion of the proc. styloid, may frequently be seen if it happens to 
be ossified before birth. If at the time of birth the styloid process 
was still cartilaginous, the sheath will after maceration be found 
empty. 

To more clearly define its position and boundary, the posterior 
cms of the tympanic ring is broken ofl" and the lateral wfdl of the 
sheath removed with a broad graver. In a few cases only does its 
upper portion open with a wide orifice, at the side of and below tho 
eminentia stapedii, into the tympanic cavity. In most preparations, 
however, the vagina proc. styl. is closed above, and its upper limit 
marked by the -protuberance on the posterior wall of the tympanic 
cavity (eminentia styloidea), first described by me, which is situated 
between the sulcus tymp. and the eminentia stapodit. 

Removing the lateral wall of the sheath of the styloid process in 
preparations where the upper piece of the latter is already ossified, we 
find that the above-mentioned protuberance, which is visible on the 
posterior tympanic wall, is caused by tho club-like thickened upper 
end of the proc. styl. (Fig. 49). This club-like swelling is in some 
cases very pronounced, while in others it is only slightly developed. 
It is probable that from tliis arises the great difference in the develop- 
ment of the eminentia styloidea on the posterior wall of the tympanic 
cavity in the new-bom infant and the adult. 

The position of the proc, styL, and the bulging caused by it on the 
posterior tympanic wall, may also be demonstrated on successful 
sections made parallel to the inner wall of the tympanic cavity, 
through the eminentia styloidea, lying between the sulcus tymp. and 
eminentia stapedii (Fig, 50). 

In order to understand the anatomical relations of tho upper piece 
of the proc. styloid., which is inserted in the temporal bone, it is 
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^.Jidyisable to expose it with the knife or scalpel on an unmaceratcd 

. temporal bone of a new-bom infant, after the bone has boon decalcified 

* in nitric or hydrochloric acid. On preparations where the styloid 

process is still quite cartilaginous, it can be completely drawn out 

from its sheath. Its form (Fig. ol), which I was the first to describe. 





p,—. — — Upper end uf Uie oaiifjing proc. 
Keloid, fram o new-bom Infant. — o — 
feneitr. ovalia ; p — promontoFy ; a, — 
sDtrum mut. ; c = canal, priic. Btyloid. ; 
Bt ^ upp«r extremity of tbe proc. Htyloid. 



l''lci. 50.— Section through the onftL sly- 
li>ideuB in the new-bum Infant. — o — 
feneatr. ovalia ; r = feiwatr. rotundn ; 
p = piouiontory ; C ~ oanat atyloideua ; 
at = «ection cif the Upper oasifiad ex- 
tPtniity of the proc styloid., caniting Ihe 
piiKt«tior tymjiaiiic wnll to bulge forward. 
After a preparation in my collection. 

B that of a club with one or more lateral processes, enclosed, in front 
F the canalis Fallopii, and laterally from the erainentia stapedii, by 
he before-mentioned sheath. The kaob-like process of its upper 
lortion is directed forwards, and causes tbe posterior tympanic wall 
1 bulge out more or les.s. Tlie posterior process is lodged in a de- 



r 




¥V>. 52,— Glenoid f»cet on the posterior wall of the 
oanal. Btyl. ia the temporal bone of a new-bom 
infant. Enlarged to double it«>ize. — o = fenestra 
ovalifl ; r - feoeatra rotunda ; p = promontory - 
tp — aemicaDuL pro tens. tymp. ; a = antr. mnat ; 
c = canal, styl. ; g = ijlenoid facet. After a 
preparation in my collection. 



Q on the posterior wall of the vagina proc, styl. ; this depression, 
!frliich I was the first to describe, resembles an articular cavity, has 
% direction forward, and lies -5-6 mm. from the lower opening of the 
leath. It is placed close to the external surface of the pars mast. 
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(Fig. 52), and only to be found in rare cases, because it generally 
coalesces with the styloid process before birth. 

The preparation of the processus alyl. in the adult is very diflicult, 
because its outer compact osseous layer and the surrounding me 
the temporal bone are so completely fused that its earlier boundarieB 
are but seldom to be recognised on sections. As, however, the styloid 
process frequently possesses a distinct medullary space, it is possible, 
on successful sections, to follow its course in the temporal bono as fa* 
as its upper termination. For this purpose either macerated or un- 
macerated temporal bones may be used, on which the tympanic cavity 
must be opened from above, in order to search for the protuberant! 
styl. on the posterior tympanic wall. This projection, situated laterally 
from the eminentia stapedii, as well as the processus styl., standing 




I 



Tia. S3.— Section throuch tbe Bt;ldd proceta of an kdnlt.— a = tjmpBiiic membisiM 
b = meddlUry spftoe oi the proc. ety L ; c =^ ita upper extremitj with the protubennttli 

atyL on the poBterior tympanic wall, flnt deuribed by me. 

out on the lower surface of the pyramid, servo as a guide when making 
the cut. The work ia considerably facilitated on the macerated tem- 
poral bone if the squama and the superior wall of the meatus be first 
sawn away. The preparation is now fixed in the vice in such a 
manner that, on applying the blade of the saw to the anterior wall 
of the meatus, the tine in which the cut is to be made falls exactly 
in the direction of the eminentia styl. on the posterior wall of the tym- 
panic cavity and of the long axis of the processus styl. proper. Oa 
the surface of the section the porous medullary space of the pro- 
cessus styL may in most cases be traced as for as the vicinity of the. 
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Gminentta styl. The lattor consists nearly always of compact bone 
substance. 

t>n unmacerated preparations the medullary space of the styloid 
process is more clearly differentiated. The cut here takes the same 
direction as in the macerated temporal bone. If it be intended, how- 
ever, when making the preparation, to preserve the tympanic membrane 
intact, after opening the tegmen tymp. the cut is carried in the longi- 
tudinal direction of the lower tympanic wall in such a manner that 
it passes through the eminentia styL on the posterior wall of the 
cavity. 

As the processus styl. in the temporal bone describes, from the 
lower extremity of its sheath to the eminentia styl. on the posterior 
tympanic wall, an inwardly convex curve, this cut divides only the 
upper-end piece of the styloid process. In order now to expose also 
the middle and lower portions of the medullary space, the osseous 
mas^ overlying it is either sawn through in the direction of the styloid 
process projecting on the lower wait of the pyramid, or filed down with 
a coarse file until the medullary space of the process (Fig. 53) comes 
into view. 






IV. 

Anatomical and Pathologico- Anatomical Preparation of 
THB Organ of Hearing. 



introduction. 

For the preparation of normal organs of hearing, fresh temporal 
bones, taken from the body soon after the post-mortem examination, 
are most suitable; but for anatomical study such as have been kept 
in Biidinger's preservative fluid (p. 6) or spirit preparations may 
also be used. The employment of objects of the latter description is 
especially advisable where fresh temporal bones are not at all times 
obtainable, or where the student is tied by circumstances to certain 
times for his work. Those who do not wish to be interrupted in their 
anatomical studies should take care to have a supply of preparations 
of the ear kept in a preservative fluid, so that there may always be 
sufficient material at hand in case fresh objects should nut be pro- 
curable. 

It is different with the dissection of pathologico-anatomical pre- 
parations. Here it is under all circumstances advisable to begin the 
work of preparation on fresh objects soon after they have been removed 
from the body, in order to obtain as clear a representation as possible 
of tho morbid changes in the auditory apparatus. If the preparation, 
the purpose of future dissection, be kept in spirits of wine or in a 



nfor the purf 
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preservative fluid, both colour and consistence of tbe object are altered 
in many ways, which would not admit of a correct estimate of the 
morbid process. 

The mode of preparing in pathological cases agrees, on the whole, 
with that of normal preparations of the organ, though not infrequently 
the method is subject to certain modi£cations depending on the 
locality of the morbid changes, and on the necessity of keeping intact 
some parts of the object, or of entirely removing others, so as to bring 
the seat of the disease clearly under observation. 

As the task of the pathologico-anatomical dissection of the organ 
of hearing lies not merely in the macroscopical representation of the 
morbid changes, but also in the histological investigation of the 
diseased tissues, it is evident that, where possible, the anatomical 
examination should always go hand-in-hand with the histologicaL 
This endeavour to do justice in both directions to the scientific 
investigation of a preparation is not infrequently beset with insur- 
mountable obstacles. Foremost among these will be the desire of the 
operator to add to his collection of pathologico-anatomical preparations 
for teaching purposes. Here, in the interest of the instructive macro- 
scopic representation, the histological examination will often have to 
bo dispensed with ; while in cases where, for scientific investigation of 
the morbid process, the importance of the histological examination is 
first to be considered, the preparation must be sacrificed for that 
purpose. The latter alternative will be the more readily chosen if 
the collection of macroscopical preparations contains already several 
similar specimens ; while very rare and specially instructive patho- 
logical preparations will be selected for preservation as macroscopical 
objects. It should, however, be observed that not infrequently there 
are cases where some portion of the preparation, such as the mem- 
branous labyrinth, smaJl portions of the external meatus, of the walls 
of the tympanic cavity, of the Eustachian tube, and of the mastoid 
process, maybe taken from the specimen for histological examination 
without the remainder of the preparation losing anything of its value 
as a macroscopical object. 

In the preparation of the normal organ of hearing, it is best to 
bejpn with the auricle and the external meatus, and from here to 
proceed with the dissection in the direction of the middle ear and the 
labyrinth. The manipulation is much facilitated if all the soft parts 
and oBBOous portions of the preparation, which interfere with the 
laying bare of the various parts of the organ, be first removed with 
sciiaors, forceps, and saw. This applies, above all, to the parotid 
tifwue covering the lower wall of the cartilaginous meatus, to thes * 
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B-paits on the squama and the lower surface of the pyramid, and to the 

■jnuscies and tendinous insertions on the mastoid process. The removal 

I of these, too tedious when done with knife and acisaors, is most 

Bexpeditiously efl'ected by taking a firm hold of the preparation with a 

piece of cloth in the left hand ; then, grasping the tissues by means of 

i not very sharp pair of bone forceps, twisting it round on its long 

ixis, and giving it a vigorous pull, they are torn away. When there 

lie no special reasons for retaining the dura mater on the object — ejr., 

I^r the preparation of the aquieductus vestibuli, of the sinus trnna- 

^TOrsus, etc. — the dura mater may also be stripped off with the forceps, 




K-Vie. 6i. — Auricle. — a = belix ; 
belli, p*BBUig upwards into 
birnnuU ; c - tragia ; d - t 
e — lobului ; f = concha ; g = 



Via. 65.— EipoBed c»rti]ftge of the aurick 
(Lett oar.)— li ^ halix ; h" = tnuiailion 
ot the helix into the ooncha ; »h = anti- 
halii ; b = foasft raiviculari* ; t = ti»^ i 
■t = antitragoB ; i = inriaura intortragioa i 
b = anturior pointed procBm of tht litli* 
(ipina heliois) ; 1 = pwiterior pointed pro 
ceas of the hsUx (proc helicia cauduto") ; 
IDC = dtttiUginouB mefttuB -, aq = Bquamft. 
Artec A preparation in my collection. 



) being merely taken that the acoustic and facial nerves be not 
rawn out of the interna! auditory meatus. 



1, PREPARATION OF THE AOBICLK AND CARTILAGINOUS MEATUS. 

In order to become acquainted with the shape and outlines of the 
LFtilaginous skeleton of the auricle, its integument and muscular 
structure, as well as the lobe, must be completely dissected oft' from 
"the perichondrium. On the posterior surface of the auricle, where 
the skin is easily movable, this may be done without difticulty with 
pincette and acalpeL On the anterior surface, however, especially in 
the concha, at the antihelix, and in the fossa navicularis, where the 
'qgument is very firmly adherent to the perichoadrium, the cutis 
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must be detached with scalpel or scissora, great care being taken to 
avoid injury to the cartilage. The complete exposure of the auricular 
cartilage requires, therefore, considerable time. 

When laid bare, the cartilage of the auricle (Fig. 55) shows, on the 
whole, the same depressions and elevations as it does when covered by 
the cutis. The most striking chiuigo of form, after dissecting oif thO' 
integument, is caused by the removal of the lobe and by the spina 
helicis (Fig. oj, b) and the proc. helicis caudatus (1) becoming visible 
on the preparation. 

The close connection of the cartil^B of the auricle with the 
cartilaginous portion of the external meatus by means of a broad 
bridge 8-9 mm. wide, commencing at its lower portion (isthmus 
cartilag, auris. Schwalbe), requires, for anatomical purposes, both parts 
to be prepared together. This may bo done by exposing the entire 
cartilaginous structure of the auricle and meatus ; or the auricle, 
with its integument, is left in its natural form, and the cartilagino- 
membranous meatus in connection with it is dissected out from the 
parts surrounding it. 

On a head where the auricle has been left in situ, the skin at the 
circumference of the attachment of the latter is divided by a circular 
incision, after which all the adjacent soft parts are dissected away. It 
is best to begin in the region above the auricle by removing, as com* 
pletely as possible, the integument with the galea aponeurotiea, the 
fascia temporalis and the temporal muscle from the squamous portion 
of the temporal bone as far as the Hnea temporalis and the root of 
the processus zygomaticus. Then the fibrous ligament (ligamentum 
auriculare anterius), which passes from the root of the zygomatic 
process to the tragus and to the anterior superior wall of the cartila- 
ginous meatus, as well as the fibrous connections stretching thence 
along the superior wall of the meatus to the ligamentum auriculare 
post, are separated, after which the posterior superior membranous 
wall of the cartilaginous meatus is loosened with the narrow handle of 
a scalpel from its attachment to the horizontal portion of the squama 
(superior wall of the osseous meatus}. 

The skin and fasciic over the mastoid process having been dissected 
off, we divide the insertion of the posterior surface of the auricle at 
the external surface of the latter, as well as the ligamentum auriculare 
post, passing from the anterior part of the external surface of the 
mastoid process to the auricle, and then detach with the handle of 
a scalpel the loose tissue-connection of the posterior wall of the 
cartilagino-membranous meatus with the anterior surface of the 
mastoid process and the outermost section of the posterior wall of the 
osseous meatus. This done, the laying bare of the anterior and lower 
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I vails of the cartilaginous meatus is proceeded with by so far removing 
f*ith scalpel and pincette the surrounding soft parts, consisting in a. 
I great measure of parotis and adipose tissue, that the inner tapering 
fend of the lower cartilaginous wall comes clearly into view. 

The cartilaginous meatus, when thus exposed, is found united by 

a easily movable intervening mass of connective tissue to the exterior 

I margin of the tympanic portion of the osseous meatus, which is 

I covered with dense clastic fibrous tissue. The posterior superior 

I membranous wall of the meatus, on the other hand, passes uninter- 

traptedly into the subcutaneous connective tissue of the posterior 

nperlor wall, giving off, as we shall see, fibrous filaments to the 

DBembrana tympani. 

For the study of the topographical position of the cartilaginous 

md osseous portions of the auditory canal, it is recommended to make 

ft series of preparations, some showing the cartilaginous meatus in its 

itural position, with its intact walls ; while others display, partly on 




6. — Auriclt iind cartilttginou.i meatus. (Left ei 
IT pointed extremiC)' <i[ tbe cartilaginauH meatus ] 

izontal, partly on frontal sections (comp. the chapter, ' Making 
fepographical Sections of the Organ of Hearing for Instruction 
•upposes'), the course of the external auditory meatus. 

To obtain the auricle and cartilaginous meatus as a separate 
latomical preparation, the distinctly marked bridge of connective 
jBue between the cartilaginous meatus and the pars tymp. of the 
lous meatus, as well as the posterior superior membranous wall of 
ihfl pars cartilaginea, are cut through. 

The cartilaginous meatus after separation appears, as seen in front 
^■ff'ig. 56), as a channel gradually narrowing inwards, the lower inner 
extremity of wbich terminates in a rounded point (b), which slightly 
projects below the inferior wall of the osseous meatus,* 

* ThU tapering eitremit; of tbe cartilsgi&oua meatas. deaoribed by Sebwklb« (AnAtoiaia 
des Ohrea, 1SS6) u proeeia. triangnlArU, wm de«cribed and illiiattated ui tbe fint edition »F 
my ' Text-book,' 1878, p. 6. 
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The cartilaginous portion of the external meatus is traversed 
vertically to its long axis by two fissures (c c, incisur. Santorini), which 
are occupied by connective tissue, and the anterior of which (incisur. 
major) lies within the region of the cartilf^ of the tragus. Parotid 
abscesses not infrequently break through these fissures into the 
external meatus. In the cartilage of the auricle, the thickness of 
which varies at difierent points from 1-3 mm., there are also incon- 
stant fissures and openings (Sbmmering, Schwalbe) closed by connec- 
tive tissue, which, according to Parreidt (' Dissertatio Inauguralis,* 
1864), allow of the anastomosis of the bloodvessels between the 
anterior and posterior surfaces of the auricle. 

To demonstrate the limits of that region up to which the 




Fio. 67.— Pcntarior wjJI of ths oirtlUginous »nd osseou* metttui,— a ~ oriHue* of gUuds in 
the cartUaginmiB portion ; b - boundarj between the cartilaginoue and uaseuiu meatoB ; 
c — pointed extremity ot the trinngukr apace, oconpied by the orifioes of the glands, which 
prcijectB into the oesuous meatus. 

ceruminous and sebaceous folhcles extend in the external meatus, the 
anterior wall of the cartilaginous meatus is cut away with scissors, as 
seen in the accompanying illustration (Fig. oT), part of the anterior 
lower wall of the osseous portion being broken off with bone forceps. 
It will be seen from such preparations that the glandular elements do 
not occur, as was formerly supposed, in the cartilaginous meatus 
alone, but that they extend, aa first proved by Von Troltsch, in the 
form of a triangular wedgo (b c) into the osseous meatus. 

The cartilage of the ear, as a preparation, keeps its form best in 
spirit ; while, if dried, it shrinks so as to become unrecognisable. To 
obtain useful dry preparations of the auricular cartilage, or of the 
auricle covered with its integument, the object, either fresh or di 
hydrated in alcohol, should be placed in glycerine and allowed 
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f remain from eight to fourteen days. The saturated preparation, fixed 
with pins on a small wooden slip, and protected from dust, retains for 
years its shape and pliancy, especially if from time to time it be 
brushed over with glycerine. 

Preparations of congenital or acquired deformities of the auricle : 
neoplasms of this part, epithelioma, sarcoma, cysts, auricular append- 
ages, etc., must for demonstration purposes be preserved in alcohol. 
Where the new growth is also to be subjected to microscopical 
examination, small portions of it should be cut oflF from the prepara- 
tion, care being taken not to spoil the appearance of the object. 



PREPAHATION OF THE MUSCLES OF THE EXTERNAL EAR. 

The representation of the muscular apparatus of the auricle, 
which, according to Ruge's* investigations, must be considered as the 
remnant of the platysma myoides, may. with sufficient care, be 
ly made on fresh preparations ; but it is more to the purpose 
to follow Ruge's method, which is to place the object for some days in 
i weak solution of chromic acid (1-2000), and then to harden it in 
alcohol. The work of preparing is thus facilitated, as the muscular 
fasciculi, by their deeper colour, appear sharply defined against the 
subcutaneous connective tissue and fascia. 

The muscular apparatus of the auricle is divided into two groups. 
The first of these, consisting of three principal muscles, effects the 
movement of the entire auricle. The m. attollens s. levator auricula;, 
the most strongly developed, arises, with its fan-shaped radiating 
bundles, at the galea aponeurotica of the temporal region, and is 
attached, with its fasciculi converging downwards, to the convex 
surface of the auricle. The m. attrahens auriculie, which draws the 
auricle somewhat forwards and upwards, arises in front of the ear 
from the root of the proc. zygomaticus, and has its point of attach- 
ment at the crista helicis. The m. retrahens auricula arises with 
several distinct fasciculi from the mastoid process, and is inserted 
at the posterior convex surface of the concha. Having ascertained 
theoretically the position of this group of muscles, there will be no 
difficulty in finding them during the preparation, if care be taken, 
when dissecting off the skin, that only the most superficial layers 
of the subcutaneous connective tissue are removed with the outer 
integument. 

The preparation of the second group of muscles, which have their 
fc origin and points of attachment on the auricle itself, and which, even 
'M. can only effect a slight change in the shape of 
QesfohtBmuBouIatur der Prim«ten, Leipzig, 1887. 
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pale 
and, in 
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Bthe auricle, presents far greater difficulties, because the \ 
 muscular bundles are for the most part very faintly d 

dissecting off the cutis, may easily be removed along with it. The 
bundles of the m. helicis major pass from the anterior edge of the 
helix to the spina helicis ; those of the m. helicis minor run on the 

J lower portion of the helix, which projects into the concha. The m. 
tragicus passes, with its vertical fibres, on the outer surface of the 
tragus ; the m. antitragicus in the direction of the lower extremity of 
the antihelix to the antitragus. On the posterior surface of the 
auricle the m, transversus auriculte, made up of several transverse 
bundles corresponding to the convexity of the concha, is easily found, 
because the skin, being movable, can be readily dissected ofl' from the 
underlying structure. 

2. OPENING OF THE EXTERNAL MEATUS. LAYING BARE OF THE 
EXTERNAL SURFACE OF THE MEMBRANA TYMPANI. 

In the anatomical dissection of the normal organ of hearing, it 
advisable, considering the topographical relations of the external 
meatus, to retain the cartil^ino-membranous portion of it in bUv- ; 
and, on opening the canal, to remove only the anterior cartilaginous 
■wall In pathologico-anatomical dissections, on the other hand, where 
there is seldom occasion to retain the auricle and the external portion 
of the cartilaginous meatus on the preparation, the examination of 
that part of the cartilagino-mombranous meatus still connected with 
the object will only become necessary if any morbid changes should 
noticeable in it. Where this is not the ease, the work of preparing 
u materially simplified if, before opening the osseous meatus, the 
cartilagino-membranous portion be entirely removed. 

{A) Opening of the External Meatiis in the Anatomical Dissection 
of the Normal Oryan of Hearing. 

The laying bare of the external meatus and of the external surface 
of the tympanic membrane is, after removal of its anterior cartilaginous 
■wall, most easily effected by taking away the anterior and part of the 
inferior osseous wall. The instrument most suitable for this purpose 
is the bone forceps (Fig. 10) shown on page 3, with which the usually 
thin anterior osseous wall may readily be broken away bit by bit. 
Only in rare cases does this wall attain such thickness that it can only 
in part be broken down by the forceps, and, in order to complete the 
work more speedily, chisel and saw have to be employed. 

The nearer we come to the tympanic membrane when opening the 
osseous meatus, the more cautiously must forceps or chisel be handled, 
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80 as not to injure the membrane or break its frame. It is therefore 
advisable, when approaching the latter, to remove the lamellce of the 
anterior wall of the meatus in very small pieces, using the smallest 
forceps only. Any projecting bits of bone which cannot be grasped 
with the forceps, and which intercept the view into the tympanic 
cavity, are to be carefully scraped off by means of a narrow, sharp 
hand-chisel or graver (Fig, 12). This part of the work requires, how- 
ever, a steady hand and great caution, as a slight slip might lead to 
the destruction of the tympanic membrane. 

Projecting portions of the thick superior or inferior wall of the 
meatus, which prevent the examination of the membrana tympani, 
are chipped off, but in layers only, with chisel and hammer, or cut 
away with the saw. The latter manipulation is, with some practice, 




[I Vio. 58. — Outer surface of the tjlopaiiic tnetnbnue, natunit ai>e. (Right at.) — 
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to be preferred, because it is more expeditious and less risky. When 
operating with the bone forceps, the object, partly wrapped in a piece 
of linen, is firmly hold in the left hand ; but if chisel or saw be used, 
it should be fixed in the vice. After the removal, in the regular way, 
of the anterior inferior wall of the osseous meatus and a portion of the 
superior wall as far as the vicinity of the sulcus tymp., the external 
8Ur&ce of the tympanic membrane appears completely exposed, as 
ahown in Fig. 58, and affords a clear view of its details : the short 
process (a), the handle of the malleus (b), Shrapnell's membrane (c), 
and the curvatures of the tympanic membrane. Thick Bakes of 
epidermis, which not infrequently, even in preparations of the normal 
organ, cover the membrane wholly or partially, and which adhere 
mostly to the cutis, interfering thus with the normal appearance of 
the membrane, must be carefidly brushed off, but not removed with 
I the pincette, as this would easily cause rents in the membrane. 



■'00 OPENINQ OF EXTERNAL MEATUS IN PATeOl.OGICAL DISSECTIONS. 

m{B) Opening of the External Meatus and Exposure of tlie Outer 
Swrface of the Memhrana Tymjxmi in Patholof/iral Dieaections. 

In pathological dissections, before laying bare the external meatus 
md the outer surface of the tympanic caembrane, the auditory canal 
tnuat be examined with the speculum and reflecting mirror, in order 
Wto remove, by syringing, any ceruminous and epidermic masses or 
purulent secretion which may have accumulated there. Every patho- 
logical dissection requires, moreover, previous to the opening of the 
external meatus, the following experiments to be made, which are of 
I importance for estimating the middle ear processes : 

1, To obtain information as to the permeability of the Eustachian 
I tube, the presence of secretions in the tympanic cavity, and the con- 
idition of the tympanic membrane, air is forced into the tympanum by 
I means of a caniila provided with an india-rubber bag, and iotrociuced 
I into the cartilaginous tube, the sounds arising therefrom being 
■examined with an auscultation tube inserted into the cartilaginous 
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2. Then the tympanic membrane is illuminated, in order to observe 
the mobility of its various parts while air is being forced into the 
tympanic cavity. It will then be seen whether the membrane is 
totally or partially thinned or thickened, whether extensive or partial 
adhesions exist between it and the inner wall of the tympanic cavity, 
or if it be perforated. Non-adherent, especially thinned portions of 
the membrane and isolated cicatrices will bulge strongly outwards, 
Frequently in the form of bladders : while adherent spots remain 
immovable, or show only traces of mobility. When the tympanic 
membrane is perforated, air rushes with an audible noise through 
the perforation, carrying at times secretion along with it from the 
tympanum into the external meatus. 

3. Where, in pathological dissections, rigidity or anchylosis of the 
ossicula has been supposed to be the cause of the disturbance of 
hearing during life, the opening of the tympanic cavity, which is to 
be described further on, must precede the laying bare of the outer 
surface of the tympanic membrane. If, after removal of the tegmen 
tymp., the malleo-incudal articulation is exposed and does not appear 
enveloped by masses of connective tissue, the mobility of this joint 
can be most easily ascertained by fitting air-tight into the external 
orifice of the ear, or into the lumen of the detached cartilaginous 
meatus, an olive-shaped nozzle, with a piece of india-rubber tube 
{ metre long fixed to it, for the purpose of alternately rarefying and 
condensing the air in the auditory canal. With normal mobil' 
the malleo-incudal joint, it will be possible with the naked 
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better still with a lene, to notice any displacement of the surfaces of 
the articulation ; while in anchylosis of the joint, the body of the 
malleus and incus, as a wliolo, will prove to be movable only to a 
eh'ght degree. If, at the same time, the short process of the incus has 
become firmly fixed in its saddle-shaped depression, or if its long 
process should be found adherent to the posterior tympanie wall, the 
email bone will not be movable at all. Still, the malleus may show a 
certam degree of mobility while, in anchylosis of the incus alone, the 
malleo-incudal articulation is not implicated, as I observed to be the 
case on two preparations taken from deaf-mutes. 

In those not very rare cases, where hearing was disturbed to a high 
degree in consequence of anchylosis of the stapes in the fenestra 
ovalis, its presence cannot be proved in the manner here described by 
inspection from above, because, even with normal mobility of the 
' stapes, it will be found impossible, although a magnifying lens be 
used, to perceive any locomotion in the incudo-stapediid connection. 
Anchylosis of the stapes, however, may be demonstrated by a simple 
method, first pointed out by me. It is as follows : The superior 
osseous semicircular canal, recognisable by the eminentia areuata on 
the upper surface of the pyramid, is opened with chisel or file, and 
then filled with a drop of tiuid so as to let it bidge out above the level 
of the canal. If now the air in the external meatus be condensed and 
rarefied, or if slight pressure be exercised with a probe upon the short 
process of the malleus, or upon the body of the malleus and incus, it 
will be observed that — provided the malleus and incus are not fixed — 
there is. with a movable stapes, a distinct locomotion of the speck of 
light on the drop of fluid ; while, in anchylosis of the stapes, this light- 
reflex will remain stationary. Introducing the tube of a manometer 
containing coloured fluid air-tight into the superior semicircular canal, 
for the purpose of demonstrating the fluctuations of the labyrinthine 
fluid, is more suited for physiological experiments than for demon- 
strating anchylosis of the stapes. 

The proceeding in opening the external meatus in pathological 
. cases is, on the whole, the same as we have just described for the 
normal oi^an of hearing. In rare cases only, where, previous to 
opening the external auditory canal, it had been proved by ocular 
inspection that there existed pathological changes on the anterior wall 
of the cartilaginous or osseous meatus, such as breaking of a parotid 
abscess through one of the Santorinian fissures, caries or fracture of 
the anterior wall of the osseous meatus, formation of cholesteatoma in 
the same, etc., it will be necessary, for the purpose of plainly showing 
» oatbological changes, to remove either the inferior or the superior 
the meatus. If there be any changes on the anterior wall, it 
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is, under certain circumstancos, even necessary to remove part of the 
posterior vraW and the mastoid process, in order to obtain a clearer 
view into the external meatus. 

In private pathological dissections, where the auricle must not be 
removed, and where the cartilaginous meatus has been cut through 
about its middle, the remaining portion of the cartilagino-membranous 
canal is, before opening the osseous meatus, removed in the following 
simple manner : 

The remains of the temporal muscle still attached to the squama, 
the fftsc. temporal., and galea aponeurot. are quickly drawn off with 
the periosteum from above downwards as far as the entrance into the 
osseous meatus. This is best done by firmly laying hold of the soft 
parts close to the bona with the pointad bone forceps, and turning the 
latter on its long axis. The soft structures having been removed as 
fer as the upper periphery of the osseous meatus, that part of the 
cartilaginous meatus which is held by the Hgamentum auriculare ant 
et post, is then also grasped with the forceps, and by a single steady 
twist completely separated from the osseous meatus. If this be done 
too quickly, the cutis of the superior wall of the meatus will be torn 
out up to the tympanic membrane and Sbrapnell's membrane, or the 
posterior superior segment of the tympanic membr.-ine injured. 

In those pathological dissections where, during life, a chronic 
middle ear suppuration with symptoms of caries of the temporal bone 
had existed, the opening of the external meatus is followed by a 
minute examination of its walls. After thoroughly washing away the 
secretion, we notice in carious processes or in cholesteatomatous 
formation in the temporal bone, most frequently on the posterior 
superior wall of the meatus, jagged fistulous openings which, either 
free or covered with granulation tissue, communicate with the mastoid 
cells or the antrum, or else are in connection with fistulous passages 
opening out at various spots in the neighbourhood of the ear. The 
length and direction of these fistulous passages are to be ascertained 
with fine elastic probes. Should the examination, on account of con- 
siderable tortuosity of the fistulous channels, fail to give any result, it 
IB often possible, by injecting them, to demonstrate their outlet in the 
■external meatus. 

The external surface of the tympanic membrane, being exposed, 

:omes now the subject of thorough examination in every direction. 

'or this purpose layers of macerated epidermis, inspissated secretion, 

which are frequently present, are removed with a camel's-hair 

brush dipped in water, or washed away with the ball syringe, an 

examination being afterwards made to ascertain whether the tympanic 

membrane be normal or appear morbidly changed. In the latter case 
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it Bhould be examined — beat with the aid of a lens — whether the 
cnticular layer of the mambrana tympani be smooth or looaeDed ; 
whether small ulcers, papillary excreseencea, granulations, or polypoid 
proliferations can be proved to exist on it ; whether it be normal in 
its curvature or strongly retracted, and, funnel-like, indrawn, with 
marked prominence of the proc. brevis and of the posterior fold. If 
the membrane be perforated, particular note should be taken of the 
exact spot, size, and form of the opening, and on examination made to 
see whether its edges are free or in contact with the inner wall of 
the tympanic cavity ; or, finally, whether they are united with it. 
Further, it must be ascertained if the opening of the perforation be 
blocked with masses of epidermis or granulations, which latter not 
infrequently find their way through the gap into the external meatus. 
By direct inspection it is now also possible to see more plainly any 
atrophied portions and cicatrices observed during the propulsion of 
air into the tympanic cavity, also bubble-like bulgings, as well as the 
extent of any casual adhesions. 

Should there be any extensive defects of the tympanic membrane, 
the morbid changes of the inner, lower, and posterior walls may also 
be observed through the gap. Attention ought first to be directed to 
the condition of the mucous membrane, to ascertain if it be loosened, 
granulating, hypertrophied from polypous growths, or shrunken and 
sclerosed ; whether the handle of the raalleus appear abnormally 
inclined inwards and adherent to the promontorial wall, or be carious, 
and partially or totally destroyed ; whether the incudo-stapedial con- 
nection be intact, or the long erus of the incus defective. Finally, 
should there be complete destruction of the membrane, the changes 
in the niches of the fenestra ovalis and the fenestra rotunda, 
and in the vicinity of the ost. tymp. tubm, can now also be seen. 
Inspissated secretions and epidermis masses lodging in the tympanic 
cavity must, of course, first be thoroughly washed out with the ball 
syringe. 

Where, during hfe, a purulent process had existed in the middle 
ear, note should further be taken, iu laying bare the external surface 
of the tympanic membrane, of the condition of Shrapnell'a membrane, 
which is situated above the short procass. If it be perforated, generally 
a small fistula-hke opening will be found, through which, on intro- 
ducing a probe, the smooth or carious neck of the malleus can be 
reached. Not infrequently, however, cholesteatomatous masses, or 
polypi connected with the neck of the malleus, find their way through 
the gap into the external meatus (Eugen Morpurgo), proliforoting 
over part of (bn tvniDtmic membrane, and allowing its position to be 
asceit'' "obing. If there be extensive gaps above 
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the Rivinian segment, arising through fusion of the margo tymp. 
above Shrapnell'a membrane, it is very easy, after washing out the 
secretion from the upper tympanic apace, to discover whether the 
malleo-incudal connection bo intact or carious, and, by careful 
probing, to make out the condition of the walls of the upper tympanic 
space, and sometimes also of the antrum mastoid eum. 

S. OPENING OF THE TYMPANIC CAVITY BY THE REMOVAL OF THE 
TEGMEN TYMPANI. 

The external surface of the tympanic membrane having been 
exposed, the opening of the tympanic cavity is proceeded with. This is 
most expeditiously effected by cutting away the roof of the tympanum 
(tegmen tymp.). If, after stripping off the dura mater from the pre- 
paration, the tegmen tymp. be found firm and compact, the object is 
^xed in the vice to remove, with a narrow straight chisel, that part of 
the tegmen tymp. which lies to the side of the eminentia arcuata of 
the pyramid, formed by the superior semicircular canal. But in order 
to avoid, during the proceeding, dislocating the ossicula, which are 
'situated immediately below the roof of the tympanic cavity, it is well 
to keep at first so far behind that the tegmen antri mastoid, be first 
chiselled away, and the tegmen tympani proper removed afterwards. 
Should, however, the roof of the tympanum prove thin, transparent. 
. and in some places dehiscent, it is possible, while firmly grasping the 
preparation in a piece of cloth in the left hand, to break away with 
the pointed bone-forceps the roof of the tympanic cavity in a very 
.short time, and thus expose the contents. 

To gain an unobstructed view into the tympanic cavity, the 
tegmen tymp. is removed in its entire breadth, and the opening of the 
cavum tymp. extended so far backwards and forwards as to expose 
simultaneously the antrum mastoid, and the osseous Eustachian tube, 
after previously drawing out the m. tensor tymp. from its osseous 
canal. 

When the tympanic cavity has been opened from above (Fig, 59), 
the malleo-incudal articulation (ha) in the upper tympanic space 
comes first into view. It divides the upper tympanic space (cavum 
epitympanicum, Schwalbe) into an inner and an outer portion. The 
anatomical relations of the latter will, on account of their great 
pathological importance, he discussed moro fully later on. 

In front of the malleus, at the boundary between the middle and 
upper tympanic space, the tendon of the m. tensor tymp. (s) passes 
transversely through the tympanic cavity. In a line with this, farther 
backwards, in the middle tympanic space, the incudo-stapedial 
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^H connectioD, with the teDdoii of the stapedius, is visible. But while 
^H the capitulum of the stapes is clearly to be soon, its crura, wheu being 
^H searched for in the cavity &om above, are almost entirely hidden by 
^H the upper wall of the niche of the pelvis ovalis and the prominating 
^B facial canal. With a favourable light the upper segment of the inner 
surface of the tympanic membrane, with the handle of the malleus, 
part of the inner tympanic wall, the ridged floor of the tympanic cavity, 
and the transition of the tympanic waUs into the osseous Eustachian 
' tube, may also be seen through the cavum epitympanicum. 

Besides the details here enumerated, the tympanic cavity, wheu 
I opened, displays partly constant, partly inconstant, folds of mucous 
I membrane stretched in it. Concerning these, we refer to the descrip- 
I tion, to be given hereafter, of the preparation of the ligamentous 
I apparatus of the malleus and incus. For the present, attention need 




».— Visw of the tympanic cavity after rem val of the tegmcn tymp. (Right ear.) 
— ha = nuJleo-incadal articulation t = nrnac. tens, tymp ; 8 = teadon of the muse 
tens, tymp. pawing acrosa the tympanum , [ — nerv facialis ; g = genu nerri facialis ; 
D = nerv. petros. superf m&jor , a = ner\ acnsticus , an — antrum maat. After a pr«- 
paratioD in my collactioo 

honly be called to the fact that these inconstant delicate folds and 
Tfilaments, stretched between the tympanic membrane, ossicles, and 
I walls of the tympanum, are, as I was the first to point out, to be 
I looked upon as the residue of the gelatinous connective tissue which 
I during fcetal life fills up the middle ear. Their occurrence is, in so far, 
I of importance, as these normal bridges of mucous membrane, which 
I may easily be taken for pathological connective-tissue new growths, 
I are without doubt, in inflammatory middle ear processes, the cause of 
I adhesive strands of connective tissue. 
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DISSECTIONS. 



PATHOLOGICAL 



In pathological dissections, after the removal of the tegmen tymp., 
lote is to bo tiiken ; 1. Whethw aerum, mucus, pus, or masses of 
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epidermis have accumulated in the tympanic cavity, and what changes 
its lining and the mucous membrane covering of the ossicula show- 
after the secretion has been removed.* 2. Whether the tympanic 
space be narrowed by swelling of the mucous membrane, or filled 
partially or entirely by granulation tissue, polypous proliferations, or 
organized connective tissue. The latter is most frequently found in 
the upper tympanic space immediately below the tegmen tymp., as a 
reddish-gray or yellowish-red succulent or dense connective tissue, 
which completely envelops the malleus and incus, and often also the 
stapes. In these coses the middle and lower parts of the tympanum 
are often found free from any new formation of connective tissue. 
Complete filling up and obliteration of the tympanic cavity by newly- 
formed masses of connective tissue (Toynbae, Von Troltsch, Politzer) 
are less frequently observed. 3. Whether newly-formed strands and 
bridges of comiective tissue appear stretched between the tympanic 
membrane, the ossicala, and the walls of the tympanic cavity ; in 
what manner the position of the ossicles is altered thereby ; and what 
changes, in consequence of such adhesion bridges, may exist on the ex- 
ternal surface of tho tympanic membrane. 4. Whether the ossicula, 
upon careful sounding, show normal mobility, whether they are rigid or 
anchylosed with the tympanic walls ; finally, whether malleus ajid 
incus have been dislocated, extruded, or partially or entirely destroyed 
by caries and necrosis. 

Frequently it is sufficient, in order to ascertain the pathological 
changes in the tympanum, to simply remove the tegmen tymp. 
With some pathological appearances, however, in the tympanum, such 
as adhesion of the head of the malleus, or anchylosis of the body of 
the malleus and incus with the upper tympanic wall, or proliferations 
of the mucous membrane filling up the upper tympanic space, and 
enveloping the body of the malleus and incus, where, consequently, 
the examination of the tympanum from above is rendered very 
difficult, it is often necessary — after previously opening and minutely 
examining the osseous and cartilaginous Eustachian tube — to expose 
the tympanic cavity from the front and from below, so as to obtain a 
view into the middle and lower tympanic space. 

According to the seat of the pathological changes, it sometimes 
suffices in such dissections to break off, with the bone forceps, the 
external wall of the osseous Eustachian tube and of the tympanum 
up to the annulus tymp., while in other cases the entire Kustachian 

' Fluid and aemi-fluid Becretions must be removed from the tympanio cavity by auotion 
with a pipett« ; epidermis mawes sboulil be taken out, partly with the probe, ttnd partly with 
the ball-syringe. A strong atream of wnter for tleantiBg Ibe ca«ity from seorelion is to be 
avoided, beoauBo thereby the mucous membraoe is deaudedot its epitbetium, and sequei- 
trated portions of the ossicles may be washed awaj. 



PATHOLOGICAL CHANGES IN THE TYMPANIC CAVITY. 67 



I tube, along with the anterior extremity of the p3framid and the in- 
jbrior tympanic wall as far as the sulcus for the tympanic membrane, 
must be removed with saw, chisel and forceps, so as to bring clearly 
into view any coalescences between the handle of the malleus and 
the inner tympanic wall, or adhesions between the membrana 
tjnnpani, the long process of the incus and the promontory, etc. In 
ftdheaions, and especially pathological strand-hke formations in the 
middle tympanic space — if the preparation is to be kept for demon- 
stration purposes — the space must be so cleared by removing any 
portions of bone which might obstruct the view into the cavum 
tymp., that the morbid changes may become clearly visible. 

With some preparations this can only be done by sawing away, in 
a horizontal direction, the upper third of the pyramid up to the 

» height of the tendon of the tensor tympani ; while with others, 
■where the changes are located in the middle and lower tympanic 
■pace, it must be done by horizontally separating the lower third of 
the pyramid as far as the immediate vicinity of the fenestra rotunda, 
the niche of which then also comes into view. In a large number of 
the preparations in my collection, the pathological changes in the 
tympanic cavity have been laid bare after this method. 

It is evident that even in preparations with instructive pathological 
strand- formations in the tympanic cavity, the cutting through of 
these, and the separation of the outer tympanic wall, along with the 
membrana tympani from the pyramid, cannot be avoided if, in order 
to render clear the morbid appearances, a minute esamination of the 
□iches of the oval and round windows, or of the labyrinth, becomes 
necessary. In those pathological dissections, however, where, after 
opening the tympanic cavity, neither masses of connective tissue are 
found in it, nor adhesions met with between the tympanic membrane 
Bind the inner tympanic wall, the membrana tympani, together with 
the malleus and incus, must, under all circumstances, be separated 
from the pyramid, so as to submit the changes in the niches of the 
fenestra ovalis and the fenestra rotunda to a thorough examination. 

The proposal of Voltolini (I.e.) not to open the tegmen tymp. in 
pathological dissections, but to examine the changes in the tympanic 
cavity from the external meatus, after cutting out the tympanic 
membrane and the handle of the malleus, has, for good reasons, not 
found favour in any quarter. This proceeding not only leads to the 
destruction of the morbid changes on the tympanic membrane and ot 
the frequently- occurring bridges of adhesion between the tympanic 
membrane and the inner tympanic wall, but it excludes also a more 
i" minute examination of the pathological products in the upper 
I t^^panic space, and in the lateral recesses of the cavum tymp,, sinco 
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these parts, even after eumplote removal of the tympanic membrane, 
can only be imperfectly inspected. 

4. SEPARATION OF THE MEMBRANA TYMPANI, WITH THE MALLEUS AND 
INCUS, FROM THE PYRAMID OP THE PETROUS BONE. 

Where, in normal or pathological preparations, the inner surface of 
the tympanic membrane on the one side, and the details on the inner 
tympanic wall on the other side, are to be brought into view, it is 
necessary to have recourse to a method of separating the tympanic 
membrane from the pyramid, whereby dislocation of the ossicles may 
be avoided with certainty. 

The middle ear may be divided sagitally, either by carrying a cut 
simultaneously through the tympanic cavity, the mastoid process, and 
the Eustachian tube in its entire length, or without having regard to 
the latter by simply separating the pyramid from the pars tymp. et 
squamosa. In pathological dissections the separation of the pyramid 
must always be preceded by the examination of the tubal canal (see 
the chapter ' Preparation of the Eustachian Tube '). 

As regards the separation of the pyramid from the pars tymp. et 
squamosa, it is to be observed that after removal of the togmen 
tymp. the tendon of the tensor tymp. (Fig. 59 s), passing in front of 
the malleus across the tympanic cavity, is divided with a narrow small 
knife, and the incudo-stapedial connection also carefully severed. 
The separation of the tympanic membrane, together with the malleus 
and incus, from the pyramid, may now be proceeded with in the 
following manner: The preparation, with the opened tympanum 
directed exactly upwards, having been tixed in the vice, is sawn 
through along the floor of the osseous Eustachian tube so far towards 
the tympanic cavity, until the vicinity of the incudo-stapedial 
articulation is reached between the tympanic membrane and the 
inner tympanic wall. 

Now, in order to guide the blade of the saw between the tympanic 
membrane, malleus and incus on the one side, and the capitulumof 
the stapes on the other side, without dislocating or injuring any of 
the ossicles during the operation, the tympanic membrane, with the 
handle of the malleus, and the long process of the incus, are pushed 
so far outwards with a probe held in the left hand that the narrow 
saw blade may, with due care, be carried through between the erus of 
the incus and the head of the stapes towards the posterior tympanic 
wall. This having been reached, it is possible without any further 
caution being required, to complete the cut through the mastoid cells 
and the sinus stgmoideus. 
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As, however, wilh insufficient practice, the incus may I 

I located, or the crura of the stapes broken off, it is advisable, for the pro- 

toction of the membrana tympani and the ossicula, to use a thin metal 

1 plate bent to the shape of the letter TJ, measuring 3 cm. by 1 cm., its 

I anterior and lower edges being curved, to correspond with the 

[ posterior and inferior tympanic walla. The distance between the two 

branches of the plate, when bent towards each other, amounts to ^ mm., 

which gives free play to the saw while passing to and fro between 

them. Having penetrated with the blade of the saw, in the manner 

I previously described, up to the vicinity of the membrana tympani, 

[ the metal plate is fixed on the posterior edge of the saw blade, then 

I carefully pushed in between the crus of the incus and the capitulum 

[ of the stapes in such a way that the anterior curved edges of the 

i plate touch the posterior and lower walls of the tympanic cavity. 

Now, pressing down the metal plate with the index-finger of the 
[ left hand, the lower and posterior tympanic walls and the inner 
portion of the pars mastoid, may be sawn through without injuring 
the tympanic structures. 

Another method of separating the external tympanic wall, with 
I the tympanic membrane, from the pyramid — which, however, sboidd 
f only be employed after sufficient practice — consists in removing with 
I the forceps the anterior and lower tympanic walls, after having pre- 
[ viously cut through the tendon of the tensor tympani and the incudo- 
I stapedial articulation. The preparation is then fixed in its normal 
I position in the vice, and by means of a chisel 1 cm. broad, and applied 
I vertically 1 mm, from the inner side of the short process of the incus, 
I the compact posterior tympanic wall, as well as the posterior wall of 
the pyramid bordering on the anterior edge of the sinus sigmoid., are 
severed with a few blows of the chisel. 

With greater certainty, and equally expeditiously, the task will be 
accomplished with preparations of this kind if, instead of a chisel, a 
strong pair of forceps be used, with which the posterior pyramidal 
wall between the exposed antrum mastoid, and the bare floor of the 
tympanic cavity is broken off close in front of the sinus sigmoid., after 
which strong pressure applied to the apex of the pyramid is sufficient 
to detach the latter entirely fram the para squamosa et tymp. 

In the case of children the separation of the membrana tympani 

from the pars petrosa may be most readily effected with small pointed 

bone forceps. After removing, as in the former methods, the tegmen 

v tymp., and cutting through the tensor tendon, as well as the incudo- 

^Stapedial articulation, the lower wall of the osseous Eustachian tube, 

■and the thin inferior tympanic wall as far as the foramen stylomaat., 

ue removed with the forceps, whereby the anterior and inferior 
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Begments of the tympanic nng are laid bare. Now, the osseous sub- 
stance of the para mastoid, adjoining the posterior crus of the annulua 
is ako divided with the small bone forceps, but only so far as to leave 
the point of the annular crus in connection with the para squamosa. 
If, thon, the sutura mast, squamosa be also broken through, the 
tympanic membrane (Fig. 60), framed in by the annulua and the 
lower portion of the pars squamosa, will fall away from the pars 
petrosa. 

The method proposed by Lucaa* of opening the tympanic cavity 
and aeparating the pyramid, a short description of which here follows, 
ditfers in some respects from the one given above : 

' Having examined the auscultatory appearances with catheter and 
otoscope, I divide the entire crista petrosa into three equal portions, 
and carry, 2 mm, behind, where the posterior third commences, a cut 
across the whole of the temporal bone in a plane which divides the 



crista petrosa exactly at a right angle. By this cut, which falls 
behind the lower portion of the Fallopian canal, and behind the vertex 
of the posterior semicircular canal, the greater part of the mastoid 
process is separated from the pyramid, and access to the tympanic 
cavity gained from behind. It must be admitted that there is one 
drawback in this : sometimes sawdust will get into the tympanic 
cavity during the operation, but it can easily be removed with a 
camol's-hair brush. This cut, moreover, removes almost the whole of 
the cartilaginous and part of the osseous meatus ; so that, with the 
light falling directly into the tympanum, it is possible to obtain a 
view of the tympanic membrane, for tho more thorough examination 
of which the anterior wall of the remainder of the osseous meatus ia 
entirely removed by means of the gouge-forceps. It is now very eae^ 
to giadually remove, with the scissors, the roof of the tympanic ca' 
• Virohow'a Archiv.. Bd. 2fl. 



X)m behind, without running the risk of injuring the ossicles, the 

mostly visible short process of the incus serving as a guide. The 
Eustachian tube, previously carefully examined with a probe, is now 
completely opened with scissors and a small chisel, when a sufficiently 
clear view into the tympanum will be obtained from above. This 
method of removing the tegmen tymp., recommended by Toynbee 
and Troltsch, I consider absolutely necessary in order to ascertain 
accurately the presence of any casual adhesions, etc. After severing 
the tendon of the tensor tymp., and disarticulating the connection 
between incus and stapes. I detach the lower half of the tympanic 
membrane with a sharp knife, and then chip off, with a stout chisel, 
the remainder of the osseous mass of the squamous and mastoid 
portions, with the upper half of the tympanic membrane in connec- 
Ition. If the soft parts be then cut through, the separation of the 




^10. 81.— Sagittal Bection through tho entire middle ear, outer halt. (Left ear.)— op = ost. 
phkrjrng. tubre ; te — oaiiBlia tiibre Emt. ; it = isthmus tubie ; mt — ciexnbr. tymp. with 
the nalleuB and iacut ; □ = niche ot the body of the malleus and incaa ; an = nntnuii 
= CelU a( the mastoid prooesa. After a preparation in my collection. 

ipanic membrane, and the malleus, incus, and chorda tympani 
■from the pyramid, with the stapes and the other parts of the ear, is 
effected, so that the membrana tympani on the one side, and the 
tympanic cavity on the other, may now be more minutely examined.' 
When making sagittal sections through the entire middle ear on a 
iparation which has been removed from the cranial cavity after the 
lethod described on page S, the osseous Eustachian tube is opened 
from above, after taking off the tegmen tymp. ; while the parts of the 
sphenoid bone that cover the cartilaginous tube are so far removed 
with chisel and forceps as to allow the tubal canal, from its pharyngeal 
i<tthmuB, to be split in its entire length. 

lond whether, in dividing the temporal bone by 

outer and an inner half, the cartilaginous 

-> be divided into halves, or whether the 
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greater portion of the tubal canal is to remain in connection with the 
outer or the inner piece of the preparation. In the former case, after 
the iDsertion of a probe into the canal, the roof of the tube (point of 
curvature of the cartilaginous hook) is cut longitudinally, with a pair 
of straight fine scissors, from the ostium pharyng to the osseous tube, 
the membranous floor of the canal being likewise dnided in the same 
direction up to the osseous portion, whereupon the cut through the 
osseous tube, the tympanic cavity, and the mastoid process is con- 
tinued with the fret-saw in exactly the same manner as previously 
described. 

As, however, by this mode of representation the relationship of 
the tuba! canal to the tympanic cavity fails to be sufficiently 
characterized, it is advisable to make also preparations in which 
the Eustachian tube is left in connection, some with the outer half 




Fro. 82.— Ssgittalseetion through the entire middle ew ot an adult, inner hall, (Left ear.) 
—up = oet pharjng. tuhra ; te = canalia tub» Eust. ; ot = ort tjnip. tubie ; tp - muec 
tens. tymp. ; p = promonlory with the anontomoa. Jacnbeonii ; u — lower wall of the 
tjmpanio caiitj' ; «t — stapes ; ep — mnBC etapediue ; I = facial nerve ; an — antrtun 
mastoid. ; w w' = mastoid cells. After a prepwaUoa in mj coUection. 

of the divided temporal bona (Fig. 61), and others with the pyramid 
(Fig. 62). 

In the first case the saw must be applied medially from the fully- 
exposed Eustachian tube, between it and the pyramid, care being 
taken, while advancing towards the tympanum, to keep as near as 
possible to the inner tympanic wall. In the second case {Fig. 62} the 
cut is directed laterally from the Eustachian tube, laid open at the 
outer membranous wall, in such a way that it falls in the immediate 
vicinity of the external tympanic wall and of the insertion of the 
membrana tympani. 

The sagittal sections through the middle ear here described are 
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especially suitable for meosunng the length dimensions of the 
Eustachian tube, as well as the distance from the ost. pharyng. tuba! 
to the tympanic membrane, to the promontory, and to the entrance 
into the antr. mastoid. Although the average measurements of the 
length of the entire Eustachian tube noted by me agree, in the 
majority of preparations, with those given by Von Troltsch (35 mm.) 
and Bezold (36-4 mm.), there are not infrequently cases where the 
length of tube measures only 33 mm., and, on the other hand, cases 
where it amounts to 39 mm. Bezold in one case found it to be 
even 40 mm. In the new-born infant the Eustachian tube is much 
shorter than in the adult (Von Troltsch). According to Eitelberg 
(' Zeitschrift fiir Ohrenheilkunde,' Bd. 13), its length amounts on an 
average to 19 mm., of which 11 mm. go to the cartilaginous, and 
8 ram. to the osseous portion. The distance from the ost. pharyng. 
tub. to the anterior edge of the tympanic membrane amounts in the 
adult, according to my measurements, on an average to 37 mm. ; to 
the promontory, 40 mm.; to the aditus ad antrum, 47-49 mm. An 
acquaintance with these distances is in a practical respect so far of 
importance, as when employing bougies for dilating the tubal canal, 
or when introducing thin elastic tubes (Paukenrohrchen) into the 
tjonpanum for the purpose of washing it out, we are enabled to judge, 
from the length of the inserted portion of the instrument, whereabouts 
in the middle ear its point may be. 

5. PREPAHATION OF THE TYMPANIC MEMBRANE. 

The anatomical details of the tympanic membrane when it has 
teon separated, together with the malleus and incus, from the pyramid, 
may be examined either on preparations in which the membrana 
remains in connection with its osseous frame, or on such where it has 
been loosened from its insertion in the sulcus tymp. and at the 
Rivinian segment. 

To represent the tympanic membrane, with its osseous frame, as 
an anatomical preparation, the mastoid portion of the outer half of 
the divided temporal bone is so fixed in the vice that, during the 
operation of sawing, the external and internal surfaces of the tympanic 
membrane can be kept in view. 

The external surface of the membrane is lirst exposed by sawing 
through, with the finest fret-saw, the inner extremity of the osseous 
meatus from the front backwards, J-1 mm. laterally from the insertion 
of the membrane, and as far as possible parallel to it, the cut being 
continued 2-3 mm. into the pars mastoid. Nest, a cut is carried with 
the saw, 1^-2 mm. from the insertion of the membrana, round the 
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tympanic frame, commencing at the anterior superior segment, 2 mm, 
in front of the head of the malleus, and continumg the cut along the 
anterior, inferior, posterior, and superior periphery of the membrana 
The posterior cut passes 2 mm. behind the short process of the incus ; 
the superior, 2 mm. above the malleo-incudal articulation. The pre- 
parations thus obtained, and the appearance of which is shown by the 
accompanying illustrations (Figs. 63 and 64) of the outer and inner 
surfaces of the tympanic membrane, enlarged to several times its size, 
are particularly adapted for instruction purposes ; but for a thorough 
anatomical study of the details of the membrane and of the malleo- 
incudal articulation, aa well as of its ligamentous connections with the 
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Cic membrane Iftng ax front ol the 
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Fio. 64.— Inner surface of tbe right tympanic 
membrana with the mnlleua and incoa, 
enlarged Si times. ^n ~ malleo-incadal niche 
at Uie outer wall of the tympania cavity ; 
h — head of the malleiiH ; a — incua ; pi = 
poBterlor fold of the tympanic membrane with 
Von Troltsch'a [Kiuch ; ct ~ chorda tympani. 



tympanic cavity, other methods of preparation have to be employed, 
which shall here be discussed. 

By laying bare the inner surface of the tympanic membrane, 
certain pathological changes in it can be more conveniently inspected 
than is possible by examining its external surface. Among these are 
the extent and density of calcareous deposits, thickening of the 
mucous membrane layer, hypertrophy of its fibrous trabecular struc- 
ture, papillary proliferations ; further, the degree of inward curvature 
of those parts of it which are thinned by cicatrices and atrophy, 
adhesion of the membrane, or of any cicatrices on it, with the long 
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crus of the incus ; finally, the pathological changes in Von Trbltach's 
pouches (accumulation of mucus, connective- tissue adhesions). 
Thickening of the capsular ligament of the malleo-incudal Joint, 
sometimes occurring in chronic middle ear catarrhs ; again, adhesions 
and coalescence between malleus and incus with the upper and 
external tympanic walls, caries and necrosis of the malleus and incus, 
etc., can be beat demonstrated on preparations of this kind. 

(a) LooBening of the Membrana Tympani from the Sulcus 
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The form and size of the tj-mpanic membrane can only be 
BBtimated after it has been prepared out of the sulcus tymp. and 
incisura Rivini.* Removing the tympanic membrane intact from its 
frame must, however, if disfiguring rents are to be avoided, be carried 
out with some care. The simplest way to proceed is as follows : At 
the inner side of the preparation, close to the anterior margin of the 
membrana tympani, on incision li-2 mnL long is made with a small 
knife in the mucous membrane. Through this incision the point of 
the knife is inserted between the edge of the tympanic membrane and 
the sulcus tyrap., and with a few strokes the connection between this 
and the annulus tendinosus is completely severed. If now the piece 
of the latter thus loosened be lifted out with the point of the knife 
from the sulcus tymp., the other portions of the tympanic membrane 
still remaining in the sulcus can be readily raised. Having firmly 
grasped with a strong but finely-pointed pincette the free piece of the 
annulus tendinosus, a gentle pull, aided by the point of the knife, will 
bo sufficient to lift it out complete. This proceeding should, however, 
only be carried as far as the vicinity of the incisura Rivini, where the 
sulcus terminates, because further attempts to loosen, by traction, the 
edge of the tympanic membrane at other points would lead to fibrilla- 
tion of its upper portion. When the tendinous ring is loosened in 
front and behind as far as the chorda tymp., the latter is cut through, 
at the points of its entrance and exit, with a pair of finely-pointed 
scissors ; the ligaments of the malleus and incus, which will be 
described later on, being divided at the same time with a small 
pointed knife. 

The tympanic membrane is then, by pressure upon the lower 
extremity of the manubrium, pushed so far towards the external 

* Meacurementa made on the tjmpnnic membiaau after it has been prepared out give 
HRnevhat higher GgcreH (10-11 mm. for ita grealoat diameter, 3-10 mm. for ita transverse 
dumeter) than those on a preparation where it ba> been left in it« iniertion (9)-10 mm. 
for its greatest diameter, 8^-9 mm. for iC« ttansverae diamuCer). Thia is eiplained bj the 
' ' ' the latter oue the uiniiliu tendinoaua lying In the (nloiu tymp. it not included 
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meatus that, after cutting through the ligamentum mallei extern, (see 
p. 81, Fig. 07), passing from the neck of the malleus to the Rivinian 
segment, the upper attachment erf the tympanic membrane and of the 
membrana Shrapnelli can be seen. If now, with the point of a very 
sharp knife, the insertion of Shrapnell's membrane at the Rivinian 
segment, and the attachment of the superior and lateral portions of 
tho membrane not yet divided, are cut through close to the bone, the 
connections of the membrana tympani with its surroundings will be 
completely detached. 

Rolled up, and kept connected with the malleus and incus, the 
membrane unfolds itself rapidly under water, and displays its exact 
contours and the boundaries of the tendinous ring, which, as a white 
marginal streak, gradually diminishes in an upward direction, and is 
entirely lost in the neighbourhood of Shrapnell's membrane. In spite 
of being detached, the tympanic membrane retains its original funnel- 
shaped curvature (Helmholtz). 

Various sized particles of the lining of the osseous meatus, less 
frequently of the mucous membrane of the tympanic cavity, becoming 
detached along with the tympanic membrane, are in all cases found 
adhering to the preparation. These, which spoil the appearance of 
the specimen, are best laid hold of under water with a fine pincette, 
and removed bit by bit, with small curved scissors, close to the 
tendinous ring. 

The tympanic membrane, taken out of its osseous frame, may 
either serve as on anatomical preparation for demonstration purposes, 
or be used for microscopical investigation (see the Histological part). 
In the Erst cose, the membrane is kept in alcohol in small glass jars,* 
where the details of the outer and inner surfaces of the object can be 
examined with the aid of a magnifying lens. 

The proceeding in disarticulating the pathological tympanic mem- 
brane from the sulcus tymp. is the same as with the normal The 
separation of the membrane in pathological cases is, however, under- 
taken only for the purpose of microscopical examination. 

If the pathological preparation is to be used as a macroscopic 
object, it must be left in its natural connection with the sulcus tymp., 
the morbid changes on the membrane being so better preserved in 
their original position than would be the case if it were prepared 
out. 
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(&) Exposure of tlie Duplicaturea on the Inner Surface of tlie 
Membrana Tympani. 

Besides the previously-mentioned details on the inner surface of 
tiie tympanic membrane, there are two duplicatures (Fig. 65), one of 
vhich, lying behind the handle of the malleus, claims our special 
attention. It appears as a fold, concave downwards, projects from the 
membrana, and, partially hidden by the body and long crus of the 
incus, it passes in a strong curve from the posterior superior periphery 
of the tympanic frame to the handle of the malleus, and is attached 
below the middle of the latter. This, the posterior duplicature of the 
tympanic membrane, which was first described in detail by Von 
Trbltsch, forms, with the inner surface of the membrane facing it, the 
so-called posterior tympanic pouch. 

To become acquainted with the connection of this duplicature with 
the upper portion of the tympanic membrane, the incus must be 
luxated and removed. As, however, by tearing away the incus by 
force, the delicate ligaments and folds which connect the malleus and 
incus with the superior and external tympanic walls may be torn, 
and the preparation rendered useless for the examination of the 
ligamentous apparatus of the malleus, it is advisable first to cut the 
ligamentum incudis post, (see p. 82) and the inner side of the 
capsular ligament of the maUeo-incudal articulation, with a small 
point«d knife, after which the incus can easily bo loosened with the 
pincette. 

When the incus has been removed, the posterior duplicature of 
the membrane becomes visible in its entire extent (Fig, 65). As 
regards its relationship to the tympanic membrane, it varies greatly 
in different individuals, and even in one and the same individual 
differences in both ears are met with. The posterior lower section 
of the duphcature (c) is not in direct connection with the tympanic 
membrane, but arises from a slightly curved ledge of bone lying 
within the sulcus. 

Only from 2 to 3 mm. above the lower extremity does the fold 
pass from the osseous ledge on to the tympanic membrane. Now, 
while the upper border of the duplicature is frequently found united 
with the upper periphery of the membrana, its archlike point of 
attachment appears in other preparations from 1 to 2 mm. lower. 

The anterior segment of the duplicature is sometimes divided into 
two laminre, the superior of which, connected with the chorda tymp,, 
is attached close to the inner edge of the handle of the malleus, while 
the inferior lamina is inserted in the angle between the posterior 
surface of the manubrium and the tympanic membrane — sometimes 



78 



PHEPARATION OF SHRAPNELL'S MEMBRANE. 



I 



at a distance of 1 to IJ mm. from the handle. The triangular space 
thus formed is generally closed in above, and is not in communication 
with the tympanic pouch proper. 

The posterior pouch communicates, in the preparations which 
have been examined by me frequently, though not always, with the 
space above the short process of the malleus (Prussak), which will be 
described later on ; often, however, its cupola terminates in a funnel- 
shaped depression. As a rule. Von Troltsch's pouch is free, yet in some 
cases delicate bridges or star-shaped ramified bands of connective 
tissue are found stretched in it, similar to those one meets with in the 
niches of the oval and round windows, and in the antrum mastoid. 
Coalescence of the posterior duplicature of the tympanic membrane 
with the long crus of the incus, in which the chorda tymp. is also 




Tin. S6. — Inaet EOrfwe of the tympanic membrane aft«r removiJ of the inciu.— !• = lln> 
menL mftU. Bup)>r, : lit = lij;uiient. niiUL uil.. ; f = poBterior duplicature of Von Triiltsoh ; 
V = wilorior duplicature of the tympauic membraiiB ; o = chorda tymp. After a pntpua- 
lion in my ooUeotion. 



meni. mui. Buper, : ]a = 
V = wilorior duplicature 
lion in my ooUeotic- 

frequently involved, as well as adhesions of the surface of the duplica- 
ture to that of the membrana, are by no means rare. 

The anterior tympjmic pouch (Fig. 66 v), smaller in extent, is formed 
by the spina tymp. posterior, facing the neck of the malleus, and by 
that fold of mucous membrane which, inferiorly. encloses the ligament. 
mallei unt., stretched in the direction of the Glaserian fissure, the 
chorda tymp., and the arteria tymp. inf. The apex of its cupola is 
almost invariably closed above. 

(c) Preparation of the Membrana Shrapnelli, 

The external surface of Shrapnell's membrane (Fig. 63) requires no 
special preparation, since it comes clearly and fully into view when 
the outer surface of the tympanic membrane is exposed in the regular 
way. Its rounded edge corresponds to the Rivinian segment (margo 
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up., Henle), its inferior boundary being, according to Frussak, 

(bnued by two short tightly-stretched strife (Befestigungs-strang des 
Taromers, Helmholtz — s a'}, which extend from the comers of the 
■Sncisura Bivini to the tip of the short process of the malleus. 

Especially clearly marked are these strife of Shrapnell'a membrane 

Fig. 63 s s') in the living subject, while in anatomical preparations 

iiey rarely appear so distinct. Schwalbe's opinion [Lc, p. 442), that 

ie posterior one owed its origin to the cutaneous fasciculus of fibres, 

which passes from the upper wall of the meatus on to the tympanic 

f Biembrane, I am, from my own investigations, unable to share, since 

■iliis stria lies deeper in the membrane than the superficial one of the 

f cutis, and can, after removal of the latter, sometimes be demonstrated 

B a fibrous filament connected with the osseous border of the margo 

l^^mp. 

In order to gain access to the inner surface of Shrapnell's mem- 




_ U SS, — Iddot gnrtace of the membmiB Shrapnelli. — b = membruia ShrtpDelli ; f = 
poiterior duplicature of the tympanic membrane ; v — anterior dupticature ; h = section 
•<f the Deck uf the malleuB which han been brnken awa; ; n = nulleo-incudal niche. 

rane (Fig. 66) for the purpose of examination, the incu3 is first 
■Temoved, the neck of the maUeus being then forced away just above 
■its transition into the upper surface of the short process of the maUeus 
Why means of fine forceps. 

If now the remaining portion of the ligament, mallei extern., which 

sses from the neck of the malleus to the outer tympanic wall, and 
Kibrms the superior wall of Prussak's space, be carefully removed with 
m-h fine pincette, the inner surface of Shrapnell'a membrane is laid bare, 
Kttad with the aid of a lens its boundary may be determined on all 
|ndes. 

The arch-like edge of Shrapnell'a membrane is partly in immediate 
Jeonnection with the osseous border of the incisura Rivini, and here 
1 as the periosteum. Destruction of the membrane up to its 
POxtreme edge, therefore, frequently leads to carious fusion of the 
L^iBseous wall adjoining the Kivinian segment, and to the formation of 
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large gaps in the upper and posterior walls of the meatus, thus allow- 
ing a clear view into the upper tympanic space. 

(d) Repreaentation of the Ligamentous Apparatus in the Vicinity 
of the MaUeits and In^us, and of tlie System of Cavities between 
the Body of the Malleus and Inciie, and the External Wall of 
the Tympanic Cavity. 

Of late years special attention has been directed to the anatomical 
relations of that space which lies between the external surface of the 
body of the malleus and incus and the smooth niche of the estemal 
tympanic wall facing it. Their great practical importance is due to 
the fact that purulent processes frequently set up in this space, which 
are accompanied by perforation of Shrapnell's membrane, and are 
characterized both by their obstinate course and frequent complica- 
tions with suppurations in the mastoid process. An exact acquaint- 
ance with this part of the middle ear is, therefore, of special import- 
ance to the auriat, and we here propose to enter more fully into the 
discussiou of the method of representing the anatomical details of this 
space. 

The ligamentous apparatus between the malleus and incus and the 
adjacent tympanic walls consists partly of constant, compact, fibrous 
ligaments, partly of inconstant, delicate folds of mucous membrane, 
connective- tissue bands, and delicate threads. 

The laying baro of the constant fibrous ligaments of the malleus 
and incus presents no difficulty, since they appear, on fresh as well 
as on spirit preparations, strongly marked by their whitish tendinous 
appearance. 

1. The ligamentum mallei superius (Fig. 69, Is), a. roundish or fiat 
band passing irom the upper tympanic wall to the head of the malleus, 
is exposed in such a manner that, after removal of the tegmen mastoid., 
the roof of the tympanic cavity is taken away with the pointed bone 
forceps from behind forwards, care being taken to avoid breaking off 
that portion of the tegmen tyrap. which lies above the body of the 
nialleus and incua. This is the more safely accomplished if, on the 
body of the incua becoming visible, we keep medially from it. When 
the tympanum has been opened in front so far as to allow the tensor 
tendon (Fig, 59, s) to be plainly seen, it will be easy, by holding the 
preparation slightly to one aide, to find the ligament, mall, sup. If the 
pyramid be now also separated from the preparation, both the origin 
and insertion of this ligament can be clearly seen. Sometimes it arises 
from a projection of bone on the upper tympanic wall bulging forward 
towards the head of the malleus. Almost constantly, there are 
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^m attached to the ligamentum mallei superius, in front, behind, and 
H^ laterally, transparent folds of mucous membrane, which will be con- 
flidered more in detail in a future chapter. 

This hgament is a check ligament for the excursions of the handle 
of the malleus outwards. Not infrequently there is, in the normal 
Mtate, direct contact between the head of the malleus and the tegmen 
up., in wbich case the ligamentum mallei superius cannot be de- 
tnoDStrated. This anatomical relation favours, in cases of inflamma* 
tioD in the upper tympanic space, adhesions of the head of the malleus 
with the upper tympanic wall. 

. The ligamentum mallei anterius (Fig. 67), a strong, tendinous 
Bband, which arises partly from the spina angularis of the sphenoid 
 l>ond (Henle), partly from the spina tympanica posterior (spina tym- 




— Ligament, mallei BDter. e( eitsro. (Right ew.) — h = head o[ tbe nullflng ; 
= ligMnBnt. mallei anter. ; le = ligament, mallei extern. : h = ita posterior pmtion ; 
oneoni tip ot the Bptna Cympan. post, (major), projecCiog betweeD tbe tigatnent. moll. 
ant. el extern. ; a^antrnin mast. After ft preparation in my ooUection. 

aica major, Helmholtz), and the border of the Glaserian fissure ; it 

■flurrounds in the new -bom infant the processus Foiianus of the malleus, 

rat embraces in the adult merely the stump of this process, and finds 

Kits insertion at the neck of the malleus and the lower portion of the 

■ftnterior and lateral surfaces of the head of the malleus. This short, 

p tense, though somewhat broad ligament becomes visible to its full 

extent after removal of the chorda tymp., and of the fold of mucous 

membrano which is stretched between the anterior surface of the head 

I of the malleus and the adjoining tympanic wall. That portion of 

r the ligament which is situated in the Glaserian fissure, cannot be seen 

['until after removal of the piece of the external wall of the tympanum. 

Land of the Eustachian tube lying in front of the sulcus tymp. and the 

■IfisBura Glaseri, and is easily represented on decalcified preparations 

■«Dd microBcoptcal sections. 

The important influence of the ligament mall, anter. upon the 
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position of the manubrium, and consequently upon the tension of the 
tympanic membrane, may be seen from the following experiments 
made by me. On cutting the tendon of the tensor tympani and 
aspirating the air horn the external meatus, the tympanic membrane 
will be drawn outwards, but return to its former position as soon as 
the aspiration ceases, If, now, the incudo-stapedial articulation be 
severed, the incus detached from the malleus, and the ligament mallet 
super, et ext. cut through, the manubrium will move distinctly in an 
outward direction, but, pressed towards the external meatus, it will 
still spring strongly inwards. Not until the ligament mallei anter. 
ia cut through, does this springing of the manubrium inwards entirely 
cease. 

3. The ligamentum mallei externum, a tendinous fan-shaped liga- 
ment (Fig, 67, le), connects the upper posterior portion of the inciaura 
Rivini with the crista capitis mallei opposite ; it is, therefore, a check 
ligament for the movements of the handle of the malleus outwards. 
The posterior part of this ligament (h) has been termed by Helmholtz 
ligamentum mallei posticum, and as its line of direction, prolonged 
anteriorly by the malleus, meets the middle fibrous filaments of the 
ligamentum mallei anteriiia, he calls these two fibrous fasciculi the 
axis ligament of the malleus. To demonstrate this ligament ths 
tegmen tymp. is completely removed up to its lateral boundary, the 
incus is also taken away, and the inconstant folds possibly remaining 
between the head of the malleus and the external tympanic wall are 
removed ivith the pincette. The removal of the incus allows, in the 
majority of preparations, the boundaries of the tendinous, gray and 
sharply-defined ligament to be seen. Where, owing to the narrowness 
of the space between the malleus and outer tympanic wall, this is 
not possible, the ligament is best exposed by breaking off the head 
of the malleus above the neck with a pair of fine forceps. 

According to Schwalbe (/„c., p. 504) the ligament malL ant is 
separated from the ligament mall. ext. by a bridge of mucous mem- 
bnuiB, which, with the latter, forma the upper boundary of Fiussak'a 
space. 

In several cases I found this interspace occupied by the inwardly 
projecting spina tymp. post (compare Fig. 67, k), 

4. The ligamentum incudis posterius (Fig. 68), which connects 
the short process of the incus, covered with a layer of cartilage, with 
the corresponding saddle-shaped and similarly covered niche on the 
posterior tympanic wall, may be recognised without further prepara- 
tion, with the naked eye, or by the aid of a magnifying lens, as a 
whitish tendinous band surrounding, in the form of a fan, the short 
process of the incus. 
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Not infrequeDtly the middle portion of the ligamect correspondiDg 
to the tip of the short process is wanting, in which case (Fig. 6S) 
the latter is found to be fixed by a lateral (b') and a medial (b) 
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Besides the ligaments here described, the malleus and incus are 
connected with the walls of the tympanic cavity by a number of 
partly constant, partly inconstant folds of mucous membrane. The 
most constant of these is the lateral incudal fold (Fig. 68, f), which 
passes &om the upper edge of the body of the incus or its external 
surface to the lateral wall of the niche, and after removal of the 
tegmen tymp. becomes clearly visible. It is connected behind with 
the ligam. incud. exL (b'), in front, though not constantly, with the 
fold (lateral malleo-incudal fold), passing from the head of the malleus 
to the wall of the niche. In the latter case the space between the 
body of the malleus and incus and the lateral niche is found to be 
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*■ - ontet portion of the ligament, incud. pust. ; t = teudon of the mviec. tenn. tjmp. ; 

= imjado-aCapedial connection ; an — sntr. maxt. Aftei- a preparation in my coUeolioa. 

mpletely closed above. Frequently, however, there exists, between 
Ehe incudal fold and the lateral fold of the malleus, a gap, varying 
a size, and in the incudal fold itself one or several openings are some- 
nes met with. 

Among the constant bridges of mucous membrane in the vicinity 
F the malleus and incus, there are further to be numbered ; one, 
3sing from the crista transv. tymp, (p. 47) to the tendon of the 
ior tympani, and one stretched horizontally (Zaufal) from the 
>tter to the anterior mucous membrane duplicature of the tympanic 
lembrane. Not constantly, though frequently enough, broad bridges 
i mucous membrane or delicate filaments are found between the long 
rocess of the incus and the inner tympanic wall ; these are the 
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xeaidufl of the mucous membrane fold, which at this spot occurs in 
the embryo constantly (Urbantachitach). We further notice : mucous- 
membrane bridges between the manubrium and the long cms of the 
incus ; a fold extended between the short and the long process of the 
incus ; then, bridges and filaments between the malleus, the long eras 
of the incus, and the stapes ; and, lastly, a ramified trabecular structure 
stretched from the body of the malleus and incus into the antr. 
maatoid., with the importance of which structure we shall become 
acquainted hereafter. That these folds of mucous membrane, fre- 
quently occurring in great numbers in the tympanic cavity, favour in 
chronic middlo ear catarrhs the setting up of adhesive processes has 
already been mentioned. 

The apace situated between the body of the malleus and incus 
and the lateral wall of the niche, and bounded above by the malleo- 
incudal fold, below by the ligament, mall, ext., is also crossed by 
inconstant folds of mucous membrane, which are more numerous in 
the new-bom infant than in the adult. The fold moat frequently 
occurring here is the vertical fold of the niche (Fig. 70 w s), which, 
stretched between the malleus or malleo-incudal articulation and the 
niche, is in connection below with the ligament, mall, ext., above with 
the lateral malleo-incudal fold. It becomes visible after removal of 
the incus, or after breaking away the head of the malleus (in glycerine 
preparations). By this vertical fold a space is bounded oti' laterally, 
in front of the head of the malleus, and above Prussak's space (see 
later on) , which communicates, through one or several apertures, with 
the cavum tymp. and the space of Prussak. It is in this space 
especially that those obstinate purulent processes, which accompany 
perforation of Shrapnell'a membrane, establish themselves, and which 
often resist the most energetic treatment. 

(e) Repj-esentation of Prussak's Space, situated above the Short 
Process of the Malleus. 

The space above the short process of the malleus (Fig. 69), first 
described by Frussak, is formed externally by Shrapnell's membrane 
(Fig. 63, p. 74), below, by the upper surface of the short process of 
the malleus, as well as by the cupola of the posterior and anterior tym- 
panic pouches, and above by the ligament, mall, ext. The exact limits 
of this cavity can, however, only be shown on sections of decaleitied 
preparations, or in a series of microscopic sections. For the purpose 
of macroscopic representation, the tympanic membrane and its osseous 

k frame, detached along with the malleus and incus from the pyramid, 
must be decalcified in a mixture of common salt and nitric acid 
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(5-10 %), then well washed in water, and hardened in alcohol. In 
order to avoid the displacement of the various parts of the pre- 
paration during the cutting, the depression formed by the external 
Surface of the tympanic membrane, and the adjoining remains of the 
osseous meatus, is tilled with melted paraffin, and after the setting 
of the latter it is cut away ou the flat, so that in turning the pre- 
paration over, the inner surface of the tympanic membrane should 
come to lie upwards, and in a horizontal position. With a sharp razor 
used for microscopic purposes, a cut is now carried through the whole 
of the preparation in the longitudinal direction of the mallcuB, exactly 
in the middle line of its head and handle. After this the paraffin is 
carefully removed, and the sections of the preparation are examined 
under water or in alcohol. 

If the cut has been carried exactly through the short process of 
the malleus, we notice (Fig, 69) on the anterior surface of the section 
the boundaries of Pnissali's space (o), sharply defined above by the 
ligament, mall. ext. (ie) ; internally, by the neck of the malleus ; below, 
by the upper surface of the short process of the malleus (s) ; and 
externally, by Shrapnell's membrane (o s). The anterior part of this 
space is mostly closed on all sides, but sometimes communicates, 
between the body of the malleus and incus and the lateral wall of the 
niche, with the space (Fig. 69, r) which is situated above the hgament, 
mail ext. The posterior part communicates frequently, though not 
always, by a small aperture, with the posterior tympanic pouch ; but 
one often finds also, on the posterior membranous wall of this space, 
one or several apertures, which, after removal of the incus, can be 
distinctly seen by holdmg the preparation a little to one side, and 
through which there is communication betwaen Prussak's cavity and 
the space situated between the body of the incus and external 
tympanic wall, and freely connected below with the tympanic 
cavity.* 

Most suitable far the examination of the ligamentous apparatus of 
the malleus and incus are preparations which are either quite fresh, 
or such as have been previously hardened in alcohol and afterwards 
soaked in glycerine. Wet preparations which have been kept in spirit 
are, for the examination of the ligaments and folds, quite as unsuit- 
able as dry objects, on which these parts become fissured through 
shrinking. To represent preparations of this kind which are to be 
kept for demonstration, I make use of spirit preparations, over which 
I pour, on taking them out of the liquid, a small quantity of glycerine 
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sublimate (0,l:25,0)j drying them afterwards in a place kept free 
from dust. Treated thus, even the moat dehcate folds of mucous 
membrane retain for years their natural form and position Such 
objects are best protected from dust when fixed on a small stand 
provided with a glass shade (Plate Figs. I. and III.). Equally 
instructive are sections of decalcified preparations, which, for the 
purpose of representing the ligamentous apparatus on transverse 
sections, should be made in a vertical as well as in a horizontal 
direction to the malleo-incudal articulation. As, however, the colour 
of the ligaments and folds on decalcified spirit preparations differs 
but httle from that of the surrounding bone, it is advisable to expose 
fresh objects for several weeks to the action of Miiller'a fluid (see 
Histological part), or of a weak solution of chromic acid, and only 
after such treatment to proceed with the decalcification by means of 
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hydrochloric or nitric acid. In sections of such preparations the 
osseous tissue appears dark green, while ligaments and folds are 
distinguished by their whitish or light-green colour. To avoid tearing 
the delicate folds of mucous membrane when making sections, tho 
decalcified preparation, after having previously been freed from 
water in 90 %• alcohol, is soaked in celloidin solution ; it is 
then placed in dilute alcohol, and after setting of the medium the 
sections are made (see * Celloidin Embedding,' in the Histological part). 
By the ligamentous apparatus of the malleus and incus here 
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^P sketchod, and the folds of mucous membrane and bridges stretched 

^ between them and the upper external tympanic wall, there is formed 

in the outer portion of the upper tympanic space, between the external 

surface of the malleus and incus and the niche opposite, a system of 

Ioavities, first described by me (Wien. med. Wochenschrift, 1S68), the 
spaces of which communicate with each other and with the rest of 
the tympanum. In now-born infants 1 found, on microscopical 
sections of this system of cavities, in some of its loculaments, a yellow 
serous or slimy fluid ; in the adult all the spaces of the meshwork 
contain air. 
The pathological changes which are developed in this region of the 
upper tympanic space have hitherto not been sufficiently investigated 
— at least, not to such on extent as the importance of the subject 
would demand. It must, however, be taken as an undisputed fact 
that the spaces of this system of cavities in chronic mucous middle 
ear catarrhs, running on without perforation of the tympanic 
membrane, are filled with succulent neoplastic connective tissue, and 
that similar changes are sometimes met with at this spot as the result 
of purulent inflammation. The latter, however, not infrequently leads 
H to destructive changes, especially to perforation of Shrapnell's mem- 
^H brane, fusion of the margo tymp., and to carious and necrotic 
^B destruction of the malleus and incus. 

^M The purulent process in the above-mentioned system of cavities 
^^ accompanied by perforation of Shrapnell's membrane, may either 
^B localize itself as an independent process without spreading to the rest 
^K of the tympanic cavity, or^-and this is more frequently the case — the 
^M witire tympanic cavity is attacked from the commencement by the 
H^ suppurative inflammation. In the course of the process, however, the 
suppuration in the middle ear may cease, while it obstinately continues 
in the system of cavities between the body of the malleus and incus 

I and Shrapnell's membrane. It admits of explanation, that in a con- 
siderable number of cases pus may be copiously secreted in these 
cavities, and make its way through the perforated Shrapnell's mem- 
brane, without it being possible to prove the presence of any secretion 
in the rest of the tympanic space, when it is considered that the 
scanty communications of this system of cavities with the tympanum 
are obstructed through swelling, inspissated secretion, and cholestea- 
tomatous masses, by proliferations of mucous membrane, and by 
polypi (Morpurgo). We can also conceive the obstinacy of a purulent 
process in a space occupied by a meshwork from which the st^nating 
secretion is difficult to remove, and the hidden crevices of which are 
only with difficulty accessible to antiseptic treatment. 

As regards the connection of purulent processes in this space ™itl 
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aimultaneous chronic suppuration in the antrum mastoid., there are, 
in my opinion, two things of importance to be considered. We have 
Been (p. 38) that the smooth surface of the malleo-incudal niche 
merges behind into the outer cellular wall of the antrum mastoid. 
Purulent inflammations in that niche may tiius, with equal facility, 
spread ex contiguo to the neighbouring mucous membrane of the 
antrum mastoid. ; and, on the other hand, those occurring in the 
antrum may find their way to the malleo-incudal niche. The latter 
might, according to clinical observations, be much more frequently 
the case than has hitherto been supposed ; thus purulent discharges, 
vith perforation of Shrapnell's membrane, would in such cases have 
to be looked upon as the consequence of suppuration in the antrum 
mastoid. 

Another circumstance respecting the connection of purulent pro- 
cesses in the antrum mastoid, with perforation of Shrapnell's membrane, 
which so far has not been sufficiently appreciated, lies, in my opinion, 
in the pecuUarity of the inclination of the external wall of the antrum 
and of the malleo-incudal niche. The strong inclination of these 
osseous walls to the horizontal may be easily demonstrated on 
macerated as well as on unmacerated skulls, after removal of the 
tegmen tymp. The outer tympanic wall, with the malleo*incudal 
niche and the external wall of the antrum, must therefore, in conse- 
quence of their strong inclination, be designated the outer inferior 
wall of the middle ear ; and it is thus evident that the purulent 
secretion, flowing from the antrum at its outer inferior wall, must first 
reach the malleo-incudal niche. This will happen especially in those 
cases where, in the external malleo-incudal fold, either normal inter- 
stices are found, or where breaches have been caused in it by the 
purulent process. In such cases the pus, flowing out of the antrum, 
must reach the system of cavities between the body of the inallous 
and incus and the external tympanic wall, setting up suppurative in- 
flammation therein, and eventually leading to perforation of Shrapnell's 
membrane. This spreading of the suppuration from the antrum to 
the system of cavities will be favoured if, at the same time, the com- 
munication between the antrum and the tympanic cavity proper be 
interrupted by normal or pathological bridges of connective tissue. 

It has further been pomted out that in preparations of the normal 
oar there is sometimes stretched out in the antrum mastoid, a tra- 
becular structure connected with the osseous walls, and composed of 
ramified bands of mucous membrane, which, as seen in several pre- 
parations of my collection, extends into the tympanic cavity, and is 
there connected with the ligaments and mucous membrane folds of 
the malleus and incus. Now, it may bo assumed, with some proba- 
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bility, that where Buch normal formations occur in the middle ear, the 
changes caused by inflammation in the vicinity of the malleo-incudal 
niche may, through this trabecular structure, spread into the antrum, 
and, in an opposite direction, from the antrum into the niche. 
This was confirmed by a post-mortem case which came under my 
notice. An individual who during life had shown symptoms of a 
chronic mucous middle ear catarrh, was found to have died in conse- 
quence of marasmus senilis. Examination of the left ear showed a 
viscid, yellowish, transparent, elongated plug of mucus which reached 
&om the malleo-incudal niche into the antrum mast., and which, upon 




Fig. 71- — iDuer wall of the tympanic cavity. — a — EeDeatra ovbUb witi 
fenestro rutimda ; c = promontory ; d - muse stap 
canolii pro tenaorti tympani ; g = mastoid proceaa. 

' closer examination, proved to be the above trabecular structure, the 
L spaces of which were occupied throughout by the viscid mucous mass. 

6. INNER WALL OF THE TYMPANIC CAVITY T ITS EXAMINATION IN 
PATHOLOaiCAL DISSECTIONS. 

The pyramid, when separated from the pars tymp. et squamosa, 

I presents on its outer anterior wall, turned towards the tympanic cavity 

(Fig. 71), the two physiologically important labyrinthine fenestras 

' The fenestra ovalis (a), leading into the vestibular space of the 

I labyrinth, lies, with its strongly inclined plane, at the bottom of a 

I deep niche (pelvis ovalis), and serves for the reception of the stapes. 

I The long diameter of the fenestra ovalis measures rather more than 

I 8 mm., the width being IJ mm. Below the niche of this fenestra a 

F second, nearly triangular niche, which is considerably inclined back- 

L vards, leads to the membrane of the fenestra rotunda, the latter 

closing the lower scala of the eoeldea (scala tymp.) towards the 

tympanic cavity. In front of the two labyrinthine fenestrse hes the 
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most prominent part of the inner ijiapanic wall, corresponding to the 
projection of the first cochlear convolution — the promontory. Over 
this prominence passes, in a vertical direction, in an open or covered 
groove, Jacobaon's nerve, which efi'ects the anastomosis between the 
ganglion jugulare and the nervus petrosus superficialis minor. 

Around tbe promontory and the two labyrinthine fenestrae are 
grouped : superiorly, above the fenestra ovalis, in a direction slightly 
backwards and downwards, the middle portion of the Fallopian canal, 
with the facial nerve ; near this, in a backward direction, and pro- 
jecting towards the tympanic cavity and the antnim mast., the 
external crus of the horizontal semicircular canal ; behind the pro- 
montory, the emiaentia pyramidalis enclosing the muse, stapedius, 
and bounded medially and posteriorly by tbe descending portion of 
the facial nerve. In front, the inner tympanic wall, becoming 
gradually flatter from the promontory towards tbe ostium t3map. lubte, 
appears narrowed to a triangular space between the catialis pro tens. 
tymp. (f) and the obliquely ascending anterior tympanic wall. 

In pathological dissections, after the pjTamid has been separated, 
attention should first be directed to the condition of the mucous 
membrane of the promontory and of the contiguous parts of the inner 
tympanic wall. In acuto inflammations, as well as in chronic suppura- 
tions of the middle ear, the nature of the exudation lying upon the 
surface of the mucous membrane, and in the depressions of the inner 
tympanic wall, or of any epithelial deposits, should first bo examined, 
and after these have been carefully washed away, the degree of 
hyperemia, of swelling, and proliferation of the mucous membrane 
in the various parts of the tympanic cavity must also be ascertained. 

Further, it should be ascertained by means of a lens whether the 
mucous membrane, in spite of considerable swelling, presents a smooth 
surface, or whether it be covered with granulations and papillary 
proliferations. Partial thickening of the mucous membrane, circum- 
K scribed infiltrations and loss of substance, may also be demonstrated 

H by magnifying power. In addition to this, wherever, in purulent 

^M middle ear processes, proliferations of the mucous membrane are met 

H with on the inner tympanic wall, or where, during life, appearances 

^M of a carious affection of the temporal bone had existed, it must be 
^M determined by careful sounding whether, and to what extent, rough- 

^u ness of the promontorial wall of the tympanic cavity exists. In 

H extensive caries of the pyramid — further, in tubercular phthisis of the 
^^ lining membrane of the tympanic cavity — the extent of the ulceration 
^B in the membrane and the bone will be perceptible in most cases with 

^^ the naked eye. 
^L In non-purulent affections of the middle ear, and after suppura- 
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tions which have ceased, where the hning membrane of the promontory 
appears at times pale yellow, atrophic, at other times tendinous, gray 
and thickened, an examination should be made with a pointed pre- 
paring needle, whetlier it be somewhat movable over the bone, as in 
the normal state, or whether it be firmly adherent to it. 

Of great importance in forming an estimate of the disturbances 
of hearing in morbid changes on the inner tympanic wall is the 
examination of the niches of the two labyrinthine fenestra;. First, as 
regards the niche of the fenestra ovalis, this is often found so free 
that it is quite possible to see on its floor the external surface of the 
foot-plate of the stapes, together with the points of attachment of 
both its crura. In not a few cases, however, one finds in this niche, 
even in the normal state, especially by magnifying power, dehcate 
filaments and fenestrated membranes stretched out in varying number, 
by which the crura of the stapes are connected with the walls of the 
niche. 

In examining a large number of normal ears, great difi'erences are 
found to exist as to the capacity of the niche of the fenestra ovalis ; 
sometimes it appears so spacious, and the distance of the crura of 
the stapes from the walls of the niche so great, that it can be 
accurately measured with the naked eye ; at other times, again, it is 
strikingly narrowed, and the crura of the stapes are in immediate 
contact with the inferior or lateral walla of the niche. There is no 
doubt that such a congenital narrowness of the niche of the fenestra 
ovalis favours, in inflammatory processes of the Hning membrane of 
the middle ear, adhesions of the crura of the stapes with the niche 
of this fenestra. 

The pathological results of this niche in diseases of the middle 
ear vary according to the duration and peculiarity of the morbid 
process. In recent mucous catarrhs the niche is often found filled 
with viscid, glassy mucus, while the lining membrane of the niche, 
as well as that of the rest of the tympanic cavity, are but slightly 
softened and little injected. In acute purulent inflammations, on the 
contrary, after removal of the purulent, or muco-purulent exudation 
from the niche, its strongly reddened mucous lining shows considerable 
tumefaction. Where the previously described connective-tissue fila- 
ments and bridges are present in the niche, in acute inflammations, 
viscid purulent exudation is retained in the interspaces of this net- 
work, and the stapes in such cases appears as though enveloped in 
a yellowish-red mass filling up the niche. 

In chronic non-purulent middle ear catarrhs, in the course of 
which not infrequently connective-tissue proliferations are developed 
in the neighbourhood of the ossicula, especially often in tta cjakWi- 
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incudal niche and in the upper tympanic space, the pelvis ovalis also 
is frequently found filled with succuleat, grayish-red connective 
tissue, and the crura of the stapes absolutely embedded it it. They 
constitute the foundation of pathological cord-like formations by 
which the crura of the stapes become abnormally fixed to the walls 
of the niche and the stapes loses its power of oscillation. 

The most striking alterations in the niche of the fenestra ovalis 
are met with in chronic suppurations of the middle ear. Here, in 
most cases, in consequence of round-cell proliferation in the inflamed 
lining membrane, the niche is so filled up by the dark-red or grayish- 
red proliferation, that only the capitulum of the stapes projects 
above the surface of the obliterated niche. After the cessation of 
middle - ear suppurations, there not infrequently remain behind 
in the pelvis ovalis grayish-yellow organized masses of connective 
tissue, and the position of the almost completely obliterated niche is 
only perceptible by the prominating capitulum of the stapes, and by 
the ledge-like projecting tendon of the muse, stapedius behind it. 
Should the crura of the stapes and the capitulum stapedis be destroyed 
through the preceding purulent process, the obliterated niche of the 
fenestra ovalis, the level of which reaches that of the rest of the 
promontorial wall, can only be determined by its relative position to 
the fenestra rotunda and to the canahs Fallopii. 

In dissections, where during Hfe the diagnosis of anchylosis of 
the stapes was made, and where this was proved by the experi- 
ment described on p. 61, the mobility of the stapes can also be 
tested with the probe after separation of the tympanic mem- 
brane from the pyramid. In the normal condition a slight lateral 
pressure on the capitulum will be sufficient to prove the mobility of 
this small bone. In rigidity of the stapes in the fenestra ovalis, the 
mobihty is markedly diminished, in anchylosis entirely destroyed. 
The examination with the probe must, however, be made with great 
care, because with even slight pressure the crura of the stapes break 
off, and the preparation is rendered useless for demonstration purposes 
and for histological investigation. 

Where anchylosis of the stapes has been proved to exist, we have 
to examine whether it is due to adhesion of the crura with the niche 
of the fenestra ovalis (anchylosis of the crura of the stapes), or to 
adhesion of the edges of the foot-plate with the circumference of the 
oval window (anchylosis of the foot-plate of the stapes). In the 
former case the adhesion of the crura occurs, as a rule, with the 
inferior wall of tho niche, and this may be easily seen with the naked 
eye or with a lens. In two cases only of congenital deaf-mutism I 
found, simultaneous with adhesion of the long process of the incua 
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H -with the posterior tympanic wall, the crura of the stapes adherent 

H to the superior wall of the pelvis ovalia. 

H The adhesion of the crura of the stapes with the niche of the oval 

V window is either one of connective tissue or an osseous one. The 
former has been termed anchylosis spuria stapedis. A distinction 
betweeu the two forms is only possible if the preparation be either 
decalcified and submitted to microscopical examination (see, with 

t reference to this, the Histological section), or if it has been completely 
macerated. In the latter case, in adhesion of the crura by connective 
tissue with the niche of the oval window, the stapes will fall out ; in 
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in firmly attached to the bona 
n the oval window, the stapes 
nseparably fixed in its position. 
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hony anchylosis, however, it will remain 

In bony anchylosis of the foot-plate i 

in the macerated preparation remains ii 

In anchylosis of the foot-plate of the stapes, an accurate examina- 
tion of it, and of the simultaneous changes in the ligamentum 
orbiculare stapedis, is only possible if the labyrinthine side of the 
stapes be exposed. For this purpose a cut with a fret-saw is carried 
in the long axis of the pyramid, parallel to the inner tympanic wall, 
through the middle of the petrous bone, thus dividing the vestibule 
into an outer and an inner half. After washing the preparation, the 
outlines of the inner surface of the foot-plate of the stapes in the 
fenestra ovalis can now be plainly recognised on the external wall of 
the labyrinth. If a normal preparation be held against the light, the 
contours of the transparent ligamentum orbiculare stapedis will come 
clearly into view. In calcification of this ligament, and in bony 
anchylosis with the oval window, on the contrary, it becomes opaque, 
like the adjoining bone. On the aide of the labyrinth sometimes the 
circumference of the oval window is found covered by a protuberant 
osseous proliferation (Toynbee), or, as in a case observed by me, the 
entire fenestra is, on the labyrinthine side, covered by osseous 
neoplasm. 

Equally important in pathological dissections is the accurate 
examination of the niche of the fenestra rotunda, inasmuch as patho- 
logical products there diminish the power of vibration of the membr. 
fenestr. rotunda;, and may impair hearing to a great extent. Since, 
as before mentioned, the entrance into the niche is directed markedly 
backwards, a view into it« floor can only be obtained by partially 
removing, with the forceps, the posterior and inferior tympanic walls 
facing it. With a favourable light, the externally somewhat concave 
membrane of the round window can be completely seen as it lies 
stretched out on the floor of the niche. If the membrane be trans- 
parent, the lamina spirahs membranacea behind it shines through as a 
dark, slightly wavy line. Frequently, however, there are found on the 
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membrane gray, ramified trabecular of connective tissue (Bezold), such 
as are met with on tbo inner surface of the tjinpanic membrane and 
at various spots in tbe lining membrane of the middle ear. On 
several of the preparations esamined by me I further found the 
entrance to the niche covered by a band of mucous membrane with 
one or more perforations, after the removal of which the membrane 
of the round window came into view. That tbe niche of this fenestra 
also shows, in normal preparations, many variations with regard to 
capacity and inclination of its plane to the axis of the ear, is known. 

Respecting the morbid changes in the niche of the fenestra 
rotunda, we find it in catarrhal processes filled with serous fluid, or 
with tenacious viscid mucus. In purulent inflammations with tough 
muco-puruleot exudation, very frequently a plug of this material is 
met with filling up the whole of the niche, the removal of which with 
the pincette is the more difficult the more firmly the exudation is 
retained in the niche by bonds of connective tissue or folds of mucouH 
membrane. Such plugs in the niche of the round window cause 
impairment of hearing of a high degree, as I have convinced myself 
by dissections of cases observed during life. 

In chronic non-purulent processes on the lining membrane of the 
middle ear which aro accompanied with new formations of connective 
tissue, most varied alterations are met with in the niche of the 
fenestra rotunda. Sometimes its membrane shows simply a thickening 
of its mucous covering ; at other times, again, the niche is hidden and 
obUterated by succulent, tendinous, gray connective tissue ; lastly, as 
rare results of chronic middle ear processes, terminating in sclerosis 
of the mucous membrane, we observe calcification and ossification 
of the membrana fenestra; rotundiu (Toynbee, Von Trijltsch), and 
narrowing or osseous closure of the niche of this fenestra (Moos, 
Politzer), resulting from hyperostosis of the bony walls. 

Almost constantly pathological changes in the niche of the fenestra 
rotunda are met with in chronic purulent middle ear processes, in 
which, as is well known, the mucous membrane of the whole of the 
middle ear undergoes hypertrophy through round-cell infiltration and 
connective-tissue neoplasms. Accordingly, the niche of the fenestra 
rotunda appears also to be filled up either by dark-red proliferation of 
mucous membrane or granulation tissue, or by a small polypus (case 
of the author's), or after suppuration which has ceased, covered over 
and obliterated by yellowish-gray, glistening connective tissue. 



7. 0S8ICULA. 

The isolated ossicles are best obtained after maceration of tbe 
temporal bone, out of which they drop when slightly shaken. Of the 
three small bones, the one which is most frequently missed is the 
stapes, which often, after maceration of its annular ligament, falls into 
the vestibule, out of which it can only be recovered with difficulty by 
means of a fine pincette. The long process of the malleus (process. 
Folianus, Fig. 72, d) is entirely preserved on a malleus obtained 
through maceration of the temporal bone of the new-bom infant, 
while in the adult merely a short pointed stump remains. 

The axis of the head of the malleus is inclined to the handle at an 
obtuse angle. On the posterior surface of the oblong head of the 
malleus we notice a longish oval articular surface bounded by a slight 
osseous projection, which passes from above and without downwards 
and inwards to the border of the neck. Two surfaces are distinguished 

^foio. 72. — Malleui, — n = FlQ. 73.— Inoiu.— a=body; Fio. 74. — Stapea, — a = 

^P head ; b = neck ; c = b — abort proeean ; c - capiCulum ; b — crua ; c = 

B huidle ; d = long proceaa ; Iodc process ; d = articular [oot-plate. 

e = articular surface. eurloce ; e — lower cbeck 

on it, which meet at a nearly vertical edge. Corresponding to this, 
we find on the body of the incus an articular surface made up of two 
surfaces, the upper part of which (Fig. 73, d) is directed inwards, 
while the lower part {e) faces laterally. Helmholtz compares the 
mechanism of the malleo-ineudal articulation with the check con- 
trivance in the interior of a watch-key. With each movement of the 
manubrium inwards the lower cog of the malleus (Fig. 72, e), will fall 
into the lower one of the incus {Fig. 73, e), whereby the long process 
of tbe incus is made to follow the movement inwards of the manubrium. 
With the movement outwards of the lattfir, on the other hand, the 
lower cog of the malleus will move away from the lower one of the 
incus, so that the latter will only to a shght degree follow the move- 
ment outwards of the malleus. This peculiarity of the malleo-ineudal 
articulation may be proved experimentally by alternately condensing 
and rarefying the air by means of an india-rubber tube fitting tightly 
into the external meatus on a fresh preparation from which the 
tegmen tymp, has been removed, and observing, while doing so, the 
movements of tbe manubrium and of the long process of the incus, 
The action of the lower cog of the head of the malleus ma^ a-la* 
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be demonstrated on macerated ossicles by fixing with Boaling-wax, 
vertically to the long axis of the malleus, a match upon the stump of 
the long process, and connecting in a like manner oIbo the short 
process of the incus with another match. If now the articular 
surfaces of the malleus and incus, by means of these little sticks, be 
fitted one into the other, and the malleus be alternately turned 
inwards and outwards, we can convince ourselves of the correctness of 
Helmholtz's statement above alluded to. 

To artificially join the various ossicles into a normal chain, it is 
best to make use of liquid glue (ichthyocolla), such as is used for 
mending broken glass, china, bone, etc. One drop is sufficient to 
join the articular surfaces of the malleus and incus so firmly that it 
is difficult to separate them afterwards. Less simple is the j'oining 
of the capitulum of the stapes to the long process of the incus, on 
which, in consequence of the maceration, the ossiculum lenticulare 
Sylvii is mostly wanting. It can only be done successfully if, after 
bringing the two articular surfaces into contact, the stapes, by means 
of a fine pincette, be held in its normal position (5-10 minutes) until 
the cement has dried. 

The ossicular chain in its continuity, together with its capsular 
hgaments, is beat represented on preparations which have been 
hardened in spirits of wine, then painted over with glycerine and 
half dried. In order to loosen the connection of the stapes in the 
fenestra ovalis, a horizontal cut is made by means of a fret-saw 
through the pjTamid, passing through the middle of the internal 
auditory meatus, and opening the vestibule from above without 
injuring the fenestra ovalis. Aft«r sufficiently widening the upper 
gap of the vestibule, the vestibular surface of the foot-plate of the 
stapes comes into view. If the upper border of the oval window be 
now carefully broken ofl' with the small pointed bone forceps, and 
the superior edge of the foot-plate be exposed, it is easy so to loosen 
the lower edge of the stapes also, with the pointed preparing needle, 
that ita connection with the fenestra ovalis is completely severed. If 
the ligaments of the malleus and incus be now divided, and the 
connection of tho short process and of the manubrium with the 
tympanic membrane separated, the connected ossicular chain can, with 
careful handling, be lifted out of the tympanic cavity. 

Mention might here be made of a simple manipulation by which, 
with a little practice, it is possible to represent the ossicular chain in 
its topographical relation to the superior and inner tympanic walls. 
For this purpose an incompletely macerated temporal bone from a 
new-bom infant is used, in which the membrana tympanl has already 
been destroyed by maceration, while the connection of the chain of 
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I ossicles with the tympanic walls is still a tolerably firm one. If the 
ysquamous portion of the temporal bone be first removed (seo p. 24), 
I' and then the annuhis tymp. carefully broken off in small pieces from 
B' above downwards, without, however, loosening the connection of the 
T"tDalleu3 within the tympanic cavity, a preparation is obtained on 
\ Thich, as the accompanying illustration (Fig. 75) shows, the articulated 
I ' ossicular chain appears in its normal position in the cavum tymp. 
iTor the rest, as regards the study of the topographical position of the 
T ossicles, wo refer to the frontal and horizontal sections of the organ of 
['hearing to be described in a later chapter. 

Small particles of tissue adhering to the ossicles and disfiguring 

the preparation are, while dry, singed off by holding them close 1 o 

the flame of a spirit-lamp. The separate small bones, as well as the 

entire chain, are fixed with cement upon a small piece of wood or 

['glass 3 cm. high and li cm. broad, which is fastened to a round stand, 

Tftud protected from dust by a small glass shade (see the plate, Fig. I., 




fiVta. 75.^Poiition of the ossiclea ; chain in the temporal bona of  child, «fter reinoraJ of 
nnulu<t tjmp., andcC the equainous portion, — t — tetjoien tymp. ; o - oaaicula ftiutit. ; 
antrum moatoid. ; r = feneatia rotunda ; f — vagiiu proc. styloid. 

►belonging to the chapter, ' Making and preserving Normal and Patho- 
f logical Preparations of the Ear for Instruction Purposes '). 

In pathological dissections, after opening the tympanic cavity, 
notice should be taken of the changes that have occurred in the 
ossicles. An exact examination of their exposed surfaces is only 
possible in those cases where the upper tympanic space is not filled 
with morbid products. In acute suppurative inflammations, the 
covering of the small bones is found loosened and reddened through 
considerable vascularization. In chronic adhesive processes, the 
mucous membrane covering, especially on the malleo-incudal articu- 
lation, appears tendinous, gray, dull, and thickened. Less frequently, 
there occur fine calcareous incrustations or dense calcareous deposits, 
appearing as though dropped upon the malleo-incudal joint. In 
chronic suppurative inflammations of the middle ear, the examination 
is far more difficult, partly on account of the swelling and proliferation 
,. of the mucous membrane covering the ossicula, partly in consequence 
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of the proliferation of the mucous membraQe lining of the upper 
tympanic space, whereby the small bones are on all sides so enveloped 
by the proliferated mucous membrane that, in order to lay them bare, 
they require to be dis^sected out of the mass which surrounds them, 
with probe and pincette. Often enough the ossicula remain intact in 
the proliferated mucous membrane surrounding them ; frequently, how- 
ever, the head of the malleus and body of the incus are found carious, 
or necrosed in the midst of the proliferated mucous membrane ; less 
frequently are the capitulum, and the crura of the stapes, destroyed. 
In most cases the long process of the incus perishes through fusion, 
and in extensive defects of the tympanic membrane this may be seen 
by inspection of the tympanum from the external meatus, when, on 
the inner tympanic wall, the capitulum of the stapes is found discon- 
nected from the long process of the incus. The examination of the 
stapes in the niche of the fenestra ovalis has been already described 
(p. 91). The accurate investigation of the relative position of the 
ossicles to the newly formed connective tissue, wholly or partially 
fillin g up the tjtnpanic space, is only possible on a series of horizontal 
sections of the entire decalcified organ, further details upon which will 
be found in the Histological part, 

8. PREPARATION OF THE INTRA-TVMPANIC MUSCLES. 

For the preparation of the intra-tympanic muscles, fresh objects, 
as well as those that have been preserved in spirits of wine, may be 
used. If it be intended to represent the anatomical connection of 
the muse, tensor tymp. with the muse, tensor veli palat., it is advisable 
to lay the fresh organ for eight to fourteen days in a solution of 
chromic acid (1 : 2000), which is to be changed several times ; by the 
action of this the muscular fibres are sharply difl'erentiated from the 
surrounding tissue. 

To lay bare the muse, tensor tymp., the roof of the tympanic cavity 
is removed (see p. 64), and the malleo-incudal articulation and the 
tendon of the tensor tympani are exposed. Then an elastic probe is 
introduced into the osseous portion of the Eustachian tube below the 
tensor tendon, and with a chisel, applied obliquely, the upper wall of 
the canalis pro tens, tymp,, from the rostrum cochleare to the place 
of union of the cartilaginous with the osseous Eustachian tube, is, in 
the direction of the latter, removed in layers. The anterior extremity 
of the muscle, surrounded by a fibrous sheath, arises, partly from the 
great wing of the sphenoid, partly from the uppermost portion of the 
cartilaginous Eustachian tube. Sometimes the anterior extremity of 
the muscle is connected by tendinous bands of fibres, or by actual 
muscular bundles, with the muse, tensor veh palat. (L. Mayer, 
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IBUdinger). In order to show this connection, the part of the great 
■wing of the sphenoid, rooting over the cartilaginous Eustaehiao tut>e 
and adjoining the body of the sphenoid, is, together with the superior 
portion of the proc. pterygoid., taken away with the chisel, and the 
work completed with the scalpel. The spindle-shaped belly of the 




I IlD. 76. — Visw of tbe tjuipanic cavity atcer remoiol of the tcpnen tyiup. (Right ear.)— 
ha = malleo-incQdal aiticuUtion t — muic tenn tjmp s = tendon oE the taMac. tena. 
tjmp. paning acrosB tho tympanum ; f = nar». facialLi ; g = gunu nervi faoialia ; n = 
Derv. petros. auperf. major ; a — DcrT. acuaticua ; an = antrum maat. AlXet a praparatloa 
In my collection. 

[ muscle receives also some muscular bundles, which spring, according 
I to Helmholtz, from the superior wall of the osseous canal. With a 
little care the muscle, which exceeds 2 cm. in length, may be success- 
I folly raised out of the canal with a small knife rounded at the point ; 
land after detaching its tendon at the rostrum cochleare, it may be 
I isolated and represented in connection with the malleus. 




of the inner tympanic wall (Right ear]. Enlarged t 
capitulnm etapedi* \ ma =. miiao. alapediiu in i 
with lla tendon inserted at thi; capitulum ; p = promontory ; f^ncrv 
ibnle laid opvn. After a preparation in my collection. 
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The muse, stapedius is most easily represented after separation of 
the pyramid from the pars tymp. This small, pear-shaped muscle 
(Fig. 77, St) is enclosed by tbe already mentioned eminontia pyra- 
midalis, projecting at the inner part of the posterior wall of the 
tympanic cavity. At the point of the emin. pyraraidalis, directed 



forwards and upwards, its tendon passes to the capitulum of tbe 
stapes. The length of this muscle varies between 6 and 7 mm. 

The muse, stapedius is exposed in the simplest way by carefully 
removing the outer osseous lamella of the eminentia pyramidalis, the 
position of which is given in the prolongation backwards and down- 
wards of the tendon of the stapedius. For this purpose, either a 
narrow, sharp hand-chisel or a broad graver (Fig. 12, a) is made use of, 
■with which, by moderate pressure, the osseous lamella covering the 
muscle can be broken off. The exposed muscle is to be lifted out of 
its bony groove by means of a narrow, small knife rounded at the 
point, and may be preserved, in connection with the stapes, in spirits 
of wine. 

In order to make the intra-tympanlc muscles easily distinguishable 
on preparations which have been preserved in spirits of wine, and 
which are intended for demonstration purposes, they are brushed over 
with a solution of carmine, in doing which, care is to be taken that 
the colouring fluid does not spread to the surrounding tissues. 

In pathological dis.'iections, one should never fail to examine the 
intra-tympanic muscles. With the muse, tensor tymp. this is possible 
under all circumstances ; with the muse, stapedius only when either 
the dissection permits of separation of the membrana tympani from 
the pars petrosa, or when, while leaving these two in connection, the 
tympanic cavity is opened from behind after the method suggested by 
Lucae (p, 70), In the latter case the facial nerve, lying behind 
and laterally from the muscle, has to be removed in order to expose 
the belly of the muscle. In non-purulent middle ear processes, patho- 
logical changes in the muscles can only rarely, and then only in 
advanced atrophy, be demonstrated macroscopically, for which reason 
small portions of the belly of the muscle should always be taken from 
the preparation for microscopic examination. More frequently one 
finds in purulent middle ear processes on the Intra-tympanic muscles, 
appearances of hypericmia, discoloration, and, in carious processes, 
erosion of the osseous sheaths of the muscles, and of the muscles 
themselves, as also destruction of their tendons,' Where, in patho- 
logical dissections, the entire organ is to be subjected to microscopic 
examination, and where, at the same time, the changes in the intr»- 
tympanic muscles are to be studied, in making the cut, regard should 
always be had to the direction of the course of the muscles. 

9. PREPARATION OF THE C A RTI LAG I NO -MEMBRANOUS EUSTACHIAN 
TUBE AND ITS MUSCLES. 

The opening of the osseous Eustachian tube from the side of th( 
tympanic cavity, after removal of the muse, tensor tymp., has beei 
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I previously described (see p. 64). The preparation of the cartilagino- 
membranous Eustachian tube requires an accurate knowledge of its 
situation on the lower surface of the basis cranii. The cartilaginous 
structure of the tube, from its firm Gbro-cartilaginous union with the 
osseous tube to the ostium pharyng, tubee, lies in a groove known as 
the sulcus tubaj Eustachii on the lower surface of the base of the skull. 
This groove, lying between the pyramid of the petrous bone and the 
great wing of the sphenoid, passes forwards as a furrow on to the 
medial lamella of the proc. pterygoid., to termiuate at its posterior 
edge, somewhat above the middle of the process. The cartilaginous 
portion of the Eustachian tube is fixed in this groove in such a way 
that the roof and the medial plato in the upper portion of the tube 
are connected partly with the groove, partly with the fibrous tissue 
which closes the fissura spheno-petrosa. At this spot the cartilage of 
flie tube is firmly fixed, and almost immovable. Lower down, however, 
in the vicinity of the proc. pterygoid., the medial cartilaginous plate, 
projecting coulisse-like at the lateral pharyngeal wall, appears to the 
extent of 1-1 J cm. easily movable. The anterior edge of this pro- 
.jecting part of the medial plate forms, with the thick fold of mucous 
membrane (plica salpiugo-pharyngea) passing downwards from it, the 
posterior prominent portion of the tube. The reverse is the case, as 
regards mobility, with the lateral plate of the cartila^nous tube, 
Inown as the cartilage hook. While the major part of its posterior 
portion shows greater mobility than the medial plate, the anterior 
inferior extremity is fixed, by dense connective tissue, with the outer 
wall of the sulcus tub^, and is only slightly movable. 

It will be best to enter upon the representation of the anatomical 
relations of the Eustachian tube by commencing with the preparation 
of its muscles. In order to lay bare the levator palati mollis 
(Fig. 7S, 1 1'), the mucous membrane is laid hold of with a pincette in a 
thin layer ^ cm. below the orifice of the Eustachian tube (os) in a skuU 
which has been divided into halves in a sagittal direction, then raised 
and cut away with curved scissors. When the muscle comes into view 
through the incision in the mucous membrane, the direction of the 

» course in which the muscular bundles run appears so sharply marked 
that, guided by them, it is possible to expose the entire muscle, from 
its origin at the lower surface of the point of the pyramid and the 
contiguous part of the tubal cartilage (1), up to its radiation in the 
velum palati (!'), 

If now, from the opening made below the ostium tymp., the 
mucous membrane of the velum palati be dissected away in the direc- 
tion of the fibres of the belly of the muscle, it ia possible to accurately 
^e radiation of the muscular bundles on the posterior surface of 
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the velum (1'). The greater number of them lie in the middle, between 
the upper edge of the velum and the tip of the uvula. When the 
lower portion of the muscle has been expoaed, it is possible, after 
sphtting the mucous membrane below the median cartilaginousTplate, 
to isolate also the upper portion of the levator by loosening, with the 
narrow handle of a scalpel, the slight connection of the muscle with 
the membranous floor of the Eustachian tube up to its origin at the 
base of the skull. 

By the levator palat. mollis, in consequence of the shortening and 




Flo. 79. — EuBtftchUn tube with ita musclea ; Dsturkl aize. (lUght aide. ) — k - oartilaginaiia 
piste of the EuBtochuui tube ; m = para membr»naco» o( the Euataahimi tube ; oa = 
oatium pharyng. tube ; ch — ohnana ; 1 := mtiBC. levator palati mallia ; 1' = radutfon 
of the levator in the velum palati ; b — hsTDulua pterygoideuit ; 1 1 — muec. tenaar palati 
mollia, wiading roaaii (be humiilua. After a preparatJOD in my collection. 

swelling of its belly, not only is the floor of the Eustachian tube 
raised up, but the median cartilaginous plate is also pressed consider- 
ably inwards, whereby the ost pharyng, tubie is certainly diminished 
in its high diameter ; but the resistance in the tubal canal itself is 
lessened by the widening of the slit of the tube. It is beyond all 
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doubt that the action of the tensor veli palat., as a dilator of the canal 
of the tube, is materially assi.'itcd by the co-operation of the levator 
veli palati. 

Somewhat more difficult is tlio preparation of the muse, tensor veli 
palat. (dilatator tubie, abductor tuba3, Von Trdltsch). This muscle 
arises partly from the inferior surface of the wing of the sphenoid 
medially from the foramen oval-.' i-t spinoaum, along a line extending 
forwards as far as the proc. ptery;^" ad., partly, and with the great mass 
of its bundles, from the whole length of the lower margin of the 
lateral cartilaginous hook, and from the lateral membranous part of 
the cartilaginous section of the tube. 

The preparation and laying bare of this muscle is effected in part 
from the naso-pharyos, and in part from the lateral side of the tube. 
The work is materially facilitated it' the divided skull be previously so 
reduced in size that the muscle can be easily reached from its lateral 
side. For this purpose the superior maxilla is sawn away 1-2 cm. in 
front of the choanie in a frontal direction, and in addition to this the 
preparation is reduced at its posterior and outer portion, by removing 
the OS occipitale and the sr^uamous portion of the temporal bone. At 
the same time the bones and soft parts adjoining the lateral side of 
the Eustachian tube are removed by cutting out a wedge-shaped 
section on the external surface of the skull. The posterior cut of this 
.wedge passes 1 cm. in front of the anterior wall of the meatus, and 
pariJlel to it, through the glenoid cavity as far as the inner part of the 
£ssura orbitalis superior; while the anterior one separates the still 
remaining portions of the zygomatic process and of the superior 
maxilla, and meets the former cut at the fissura orbitalis superior. 

On the preparation, thus reduced in size, the levator veli palat. 
^ig. 78, 1 1'), already prepared, is next lifted up from the side of the 
naso-pharyns, and the lower portion of the muse. tens, veli palat. 
(Fig. 78, tt), now visible, is so far exposed on that side as the 
Eustachian tube, covering it in part, and the levator veli palat. will 
allow. 

To expose the muscle from its lateral side also, the remainder of 
the articular capsule of the inferior maxilla and of the muse, pterygoid. 
extern, in the space left on the outer surface of the preparation by the 
removal of the wedge, is cut away up to a point where the external 
lamella of the proc. pterygoid, comes into view. If we now break oil' 
the latter with the pointed bone forceps from its lower edge up to the 
foramen ovale, and afterwards remove the muse, pterygoid, intern. 
with pincette and scalpel, we obtain a complete side-view of the muse. 
tensor veli palat, with its origin at the sphenoid bone and at the 
cartilaginous tube, as also the transition of the muscle (Fig. 78, t *' 
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its tendon, wiudiog round the hamulus pterygoid, (b), and radiating 
into the soft palate. 

The tensor veli, the tendon of which radiates in the fibrous pro- 
longation of the bard palate, is the true dilator of the Eustachian 
tube, as by its contractions the hook of the tubal cartilage is rolled up, 
and the membranous portion of the tube is drawn away from the 
cartilaginous (Von Troltsch). 

A general view of the muscular apparatus of the tube on both 
sides, and its relation to the soft palate, is obtained by dissection from 
behind. We proceed in the following manner : By means of a frontal 
cut with the saw through the skull, the occiput is removed as far as 
the tuberculum pbaryug., and the posterior membranous pharyngeal 
wall cautiously exposed. On the intact pharynx it is now very easy 
to prepare the superior portion of the constrict pharyngis super., as 
weU as the upper part of the levat. veli palat., and laterally from this 
the tensor veli palat. In order to show also the lower portions of 
both muscles and their radiation in the velum palati, the posterior 
pharyngeal wall is split in its middle by a vertical cut, and the pre- 
paration completed from the opened naso-pharyns. 

The preparation of the cartilaginous Eustachian tube itself is, 
lifter what has been said, included in that of the muscles of the tube, 
since, in exposing the latter, tho greatest part of the median and 
lateral wall of the tube is laid bare. The muscles and cartilagino- 
membranous portion of the Eustachian tube having been exposed on 
a preparation in the manner before described, it is necessary, in order 
to expose the roof of the cartilaginous and its junction with the 
osseous portion, to divide first, with a narrow scalpel, in the direction 
from the naso-pharyngeal space, the attnebmont of the cartilaginous 
roof of the tube at the base of the skull, and to remove, from this 
incision, the body, along with the great wing of tho sphenoid bone 
by means of the fret-saw. If, now, any particles of the sphenoid, 
left projecting over the tubal cartilage, are broken off with the forceps, 
a complete representation of the position of the entire Eustachian 
tube and of its muscles is obtained 

As regards the method of opening the tubal canal, we must, in 
order to avoid repetition, refer to the previous description (pp. 71 
and 72). The splitting of the cartilaginous roof of the tube, 
from the ost. pharyngeum tubte to the Isthmus, is best eflected 
with a narrow, small knife, or with scissors, taking as a guide a metal 
probe pushed forward into the osseous tube, which has been 
previously opened with the chisel from the side of tho tympanic 
cavity. 

The representation of topographical preparations of the Eustachian 
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tube is to be found under the heading ■Representation of Topographical 
Preparations of the Organ of Hearing.' 

The insertion of the cartilaginous portion into the rough parts 
around the osseous tube extends laterally higher up towards the 
tympanic cavity, than it docs in a median direction. The axes of the 
osseous and cartilagino- membranous portions do not lie exactly in 
the same line, but form an obtuse angle open downwards {p. 72, 
Fig- 62), corresponding to the isthmus tubie. According to Henle the 
oanal of the tube occupies a position nearly exactly diagonal between 
the transverse and the sagittal The angle open in front, which the 
axis of the tube forms with that of the external meatus, measures, 
according to Schwalbe, 150° ; with the horizontal, the axis of the tube 
forms an angle of 40° (Henle). 

The more exact anatomical relations of the cartilagino-membranous 
Eustachian tube will be discussed in the Histological part. 

In pathological dissections, where the principal object is to ascertain 
morbid changes of the mucous membrane of the tubal canal, the 
longitudinal splitting of the cartilaginous portion and the simultaneous 
opening of the osseous tube is absolutely necessary. The proceeding 
corresponds exactly with that of the opening of the canal of the tube 
in the normal organ. 

Attention is here to be directed to the accumulation of purulent 
or mucous secretions in tho canal of the tube, to the degree of 
hypera^mia and swelling of its mucous membrane, to the colour of 
the same, to the presence of small ulcers and cicatrices (most frequently 
in the neighbourhood of the ostium pharyngeum tubic), and to 
granulations and bridges of connective tissue in tho tubal canal. 
Where, during life, a stricture of the tube had been diagnosed, it is 
better not to split the tubal canal, but to subject the cartiiagino- 
membranous portion, removed along with the osseous part of the 
tube, to histological examination, because the degree of the stricture, 
and the alterations in the tissue resulting therefrom, can thus be more 
thoroughly investigated than is possible by anatomical preparation 
and the spUtting of the canal. In like manner, neoplasms encroaching 
on the canal of the tube from the neighbouring structures, such as 
carcinoma, sarcoma, or cyst formations in the vicinity of the canal, and 
diverticular formations in the Eustachian tube (Kirchner), are better 
examined on microscopic preparations. 

10. PREPAHATION OF THE MASTOID PROCESS. 
To study the anatomical relations of the mastoid process, which 
in the adult, as regards size, form, and internal structure, presents 
many varieties, a considerable number of macerated temporal bonea 
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! MASTOID PROCESS. 

will be required. With the preparation of sections on dry temporal 
bones the comparative examination on fresh specimens must always 
go hand- in- hand. 

First, to become acquainted with the internal structure of the 
mastoid process, a cut nearly parallel to the external surface is made 
with the frot-saw, from the lower point of the mastoid process to the 
level of the superior wall of the osseous meatus, by which about a 
third of the process is removed (Figs. 79 and 80). 

Its internal structure varies so much that even in one and the 
same 'individual the interior of the one side hardly ever resembles 
that of the other. 

Although some of the older authors had noticed that the mastoid 
process does not always consist entirely of pneumatic cell spaces, 
but frequently wholly or m part of adipose, diploetic or sclerotic 
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osseous substance, it was Zuckerkandl who, after numerous investi- 
gations, first pointed out that only in 30.8% of the cases the mastoid 
(Fig. 79) consisted, from its lowest point to its upper boundary (g), of 
larger or smaller pneumatic spaces, but that in 43.2%. it was formed, 
chiefly in its lower (Fig. 82) and posterior (Fig. 81, d' d) portion, o£ 
diploetic osseous substance, while the anterior superior part (Fig- 
Si, d' p) contained pneumatic cell spaces ; and, linally, in 20% the 
mastoid process was wholly made up of diploetic (Fig. 80), less fre- 
quently of sclerotic tissue. 

For the study of the anatomical relations which, in operations on 
the mastoid process, are chiefly to be considered, it is necessary to 
make a considerable number of sections of the temporal bone, on 
which the position of the antrum mastoid, to the sinus transversus 
and to the external surface of the mastoid process is brought under 
observation. 

As to the extent of the antrum, a general view may be obtained 
if, after the method previously alluded to (p. 64), the tegmen antr. 
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mastoid, be removed along with the tegmen tymp. with chisel or 
forceps. A glance Irom above enables us to see the anterior boundary 
of the antrum, its extent backwards, its depth, as well as the size 
and number of the openings by which it communicates with the 
mastoid cells. 

A correct impression of the greatly variable relative distances of 

the antrum to the external meatus, to the sinus transversus and to 

the cortical substance of the mastoid process, is, however, only obtained 

I on sections which are made through the process in a horizontal and in 

I a vertical direction. 

I The horizontal cut through the temporal bone, which is to expose 
'_ the antrum mastoid, in its greatest transverse diameter, commences 
\ on the posterior surface of the petrous bone at the poms acustic. 
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f 1^. 81. — Diploetio mastoid prooese 
fe» ur-coatainiiig cell spacer ii 
Ulterior upper portioD. 



fitb Fio. 82.— Mastoid procesa, with  pneumatic 
its Btnioture in ita upper, and a diploiitao structure 

[n ita lower portion. 
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intern., passes in a horizontal direction through the upper tympanic 
space, and terminates at the external surface of the temporal bone, 
immediately above the upper periphery of the external opening of 
the osseous meatus. 

Such sections are suitable for exact measurement of the distances : 
from the inner boundary of the antrum to the sinus transversus; from 
the external wall of the antrum to the external surface of the mastoid 
process ; and from the sinus transversus to the posterior wall of the 
meatus. 

As regards the relative position of the antrum to the sinus trans- 
versus, these are frequently enough found separated only by the thin, 
but compact, rarely dehiscent lamella of the osseous wall of the 
sinus ; oftener, however, antrum and sinus are separated by a broad 
layer of pneumatic (Fig. 47, p. 45) or diploetic cellular spaces, which 
latter afford a certain protection against the spreading of a purulent 
lammation from the mastoid process to the sinus. In the new-bom 
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infant there lies constantly, between the antrum and the sin, 
transvers., a broad layer of diploe (Zuckerkandl), which, as the 
accompanying illustration (Fig. 83) shows, is generally to be met 
with in the first few years of life. 

Measurements on horizontal sections of the temporal bone are of 
importance for the operation of opening the mastoid process, in order 
to determine the distance between the external wall of the antrum 
and the field of operation, situated in the anterior superiorTpart of 
the outer surface of the mastoid process. Its upper boundary lies 
almost on a level with the superior osseous wall of the meatus ; the 
anterior boundary at the point of transition of the planum mastoid. 
into the posterior wall of the osseous meatus. Numerous measure- 
ments on horizontal sections made by me showed that the distance 
&om this point to the antrum varies between 6 and 15 mm. 

Still more important is the study of the individually greatly 
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Fto. 83. — Horlzontftl flcctidn through tlio temporal bone of a child one yeariild. Upper h*lt 
of the section. — me = mentiu audit, citern. ;  - anterior wsU of the mettun ; ct - 
cavom tympuu ; am = uitrum maatoid. ; eg — cavitu glenoidalis ; mi = meat, audit, 
intern, j co = ooclitea ; v = ieatihule ; c— canalis semioircul. hociiontaL ; >jt=aiDus I 

varying relative positions of the sinus transversus to the posterior 
wall of the meatus and to the external surface of the mastoid process. 
As a rule, especially with chiefly pneumatic processes, the sinus, the 
posterior wall of the meatus, and the planum mastoid., are separated 
by a broad interspace formed of cellular spaces (Fig, 84), through 
which, in opening the mastoid process, it is easy to penetrate as far as 
the antrum mastoid, without incurring the risk of opening the sinus. 
The osseous groove of the latter appears in such preparations flat, 
very little curved, and only to a slight degree excavated at its 
superior part, which is bridged over by the posterior continuation of 
the upper edge of the pyramid. In other, but certainly much 1 
frequent cases, the groove of the sinus is found considerably 
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deepened, strongly curved, and in its middle and upper portions 
arched so far outwards and forwards that between it, on the one side, 
and the posterior wall of the meatus, as well as the external surface 
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of the mastoid process, on the other side, merely a narrow bridge of 
bone is present (Figs, 85 and 86). It is evident that in such cases 
the opening of the mastoid process is attended with great danger, 
since, while advancing towards the antrum, one may expose and 




Fio. S5. — Horiiontat ■ection through a 
portly diploetic, partly pDeumatic 
maatoid prDcesB. — g — poetarior wall o( 
the anditory meatus ;  = antr. mast. ; 
i=ain.tiBiu. ; wV^aeatoC operation. 



^10. 8S.— Horizontal sectioa through a compact 
maatoid prucesa with bnt fev diploetic apacea. 
— t = tympanic cavity ; o = towor wall of 
the meatus : a — ain. tranav. ; w = poaterlor 
boundary o( tb« auat of operation. 



injure the sinus. Having made numerous sections of temporal 
bones, I was the first to point out that this relation of the sinus, so 
unfavourable for operating, is chiefly met with in temporal bones with 
a diploetic or sclerotic structure. 
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For the purpose of representing in one and the same temporal 
bone the position of the antrum mastoid, and the structure of the 
maetoid process, after previously exposing the mastoid cells by means 
of the vertical cut suggested on p. 106 (Fig. 87. ma), we carry parallel 
to the upper surface of the pyramid a cut with the saw, describing a 
curve with its concavity downwards (Fig. 87 s s' s"), which com- 
mences in front of the para squamosa (s), and runs towards the 
posterior edge of the temporal bone in such a way that it meets the 
root of the z3'gomatic process, the upper wall of the osseous meatus, 
and the uppermost part of the antrum mastoid. The separated 




FlO. 87. — Coritd »e(3Uon through the temporal bnne 

ma = section of a pneumatic mastoid process ; s a' a = uurvmi occuipu n.niuKii lud nau- 
poral bone ; am ~ antrum nuuitud. ; si = ainus CrBUBVerBUR ; z ~ prooeamiB zygomatioas ; 
at — procsaBUS stjloideua. 

parts of the temporal bone should be so connected with brass wire and 
small brass hooks, that the posterior part, situated above the para 
mastoid, (s"), may be moved horizontally towards the lower part of 
the preparation, by which means a general view of the position of the 
antrum and its relations to the neighbouring parts is obtained. 

In addition to the sections of the temporal bone so far mentioned, 
it is necessary, in order to become familiar with the anatomical 
relations of the mastoid process, to prepare a number of vertical 
sections, both in a frontal and a sagittal direction. Successful 
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Bagittal Bections (Fig, 88), which pass through the antrum and the 
tip of the mastoid process, give a good general idea of the length 
and depth of the antrum, and of the arrangement of the mastoid 
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Fig. 83.— Sigitta! aeotion tlirough the middle of the leEXD. tymp. Hod lower tjmpsnio wall ; 
lateral view of the moer half. (Left ear.) — te = tub. Euet. oea. ; ct = cuiftlt» pro t«ni, 
tfmp. ; c = luwer ridgy wall of the tympanic cavity ; o — fenestra ovolia ; r — (eaestra 
rotuDdft ; ftn = aotrum luuCoid. ; f — canalia Fatlopii, comiDiiiiicatitig towards the front 
with Che cavit. stapedii ; w = mMtoid proceu, 

cells opening into it. On frontal sections, moreover, particularly with 
pneumatic mastoid processes, the relation of the mastoid ceils to the 
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FlO. 89.— Frontal auction through a pOBQ- 
mfttko mtutoid procesd and the ijtCLaura 
mutoidea. — o cm ~ corticslia of the 
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Fw. 00.— Terlical (sagittal) Mction through 
the mastoid proceiBand omcoub meaha,— a= 
maatoid celU ; b = poaterior wall of Uio 
osaeous meatin ; c = anterior waU of the 



inciaura mastoidea is to be seen (Fig. SO), Here are not infrequently 
found on the section one or several cyst-like air-spaces, the wall of 
which, thin as paper, borders immediately on the incisura mastoidea. 
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Accumulation of pus in these cavities may, in some cases, lead to 
rupture of the incisura and to sub-muscular and sub-fascial burrow- 
ing of pus in the neck (Bezold). 

Other sagittal and horizontal sections made through the mastoid 
process and the osseous meatus give an instructive representation of 
the position of the mastoid cells lying laterally from the antrum 
mastoid., and of their relation to the posterior superior wall of the 
osseous meatus. Sagittal sections (Fig, 90) which are to demonstrate 
the relation of the mastoid cells to the osseous meatus must be made 
parallel to the longitudinal axis of the pyramid, in a plane which 
passes through the tip of the mastoid process, through the external 
portion of the osseous meatus, and through the inner part of the 
glenoid cavity. Horizontal cuts (Fig, 91), carried through the axis 
of the osseous meatus, best show the extent of the mastoid cells 
behind the meatus in a lateral direction. That the number and 
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Fill. 91. — Hdrizontnl aection through the external meatus and mastoid celts. (Right ear.) 
^a ~ antoriur wall of the mestug ; b — its posterior V.U ; a ~ maatoid cells ; d = 
auditnrj cansl ; e = tf mpaiiic membrane ; f = t^mpanla cavit; ; g — sinus truisversus. 

arrangement of these cellular spaces stand in a certain relation to 
the pneumatic or diploetic condition of the mastoid process has 
already been stated (pp. 33-3G). (Compare also the chapter ' Sections 
of the Temporal Bone of the Adult,' pp. 33-47.) 

The anatomical relations of the antr. mastoid, in the new-bom 
infant were discussed in the dissection of the temporal bone of the 
new-bom infant (pp. 27-29). 

In the anatomical dissection of the processus mastoid, on fi*esh 
unmacerated preparations, the proceeding, on the whole, is the same 
as that with macerated temporal bones. That in the normal organ 
the antrum, opened from above, frequently shows fine, knotty 
filaments, with those pedunculated, stratified formations first de- 
scribed by mo, as well as serrated membranes, which are inserted, 
with delicate offshoots, on the walls of the antrum, has already been 
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^P HientioDed. On longitudisal sections of the processus mastoid., the 
"• morphological differences between pneumatic and diploetic structnro 
are even more marked than on the macerated temporal bone. The 
pneumatic cellular spaces are large, pale, and filled with air, while the 
diploetic are small, and filled with a reddish or ;elIowish-red 
substance, and, on the surface of the cut, present the appearance of a 
section of a cylindrical bone. 

The preparation of the mastoid process in pathological cases 
depends upon the seat and extent of its morbid condition. A thorough 
examination of tho proc. mastoid, is particularly required in purulent 
middle ear intiammations and their consequences, and even if, during' 
life, no symptoms of any affection of the mastoid process had existed. 
In acute, purulent, middle ear inflammations, the antrum and the 
pneumatic cells are, ivithoiit exception, filled with pus or muco- 
purulent secretion ; the lining membrane of tho cellular spaces is 
reddened and tumefied. In chronic middle ear suppurations, the 
cellular spaces are also frequently filled with pus. The mucous 
membrane lining of the mastoid cells appears dark red, tumefied, pro- 
liferating, or degenerated by polypi (Trautmann), Accordingly, while 
the suppuration lasts, but mostly after it has ceased {much less fre- 
quently in non-purulent catarrhs), the antrum and mastoid cells are 
found to be completely filled with newly-formed, gelatinous or fibrous 
connective tissue. Should such proliferations of connective tissue, 
after having existed a considerable time, become ossified, the whole of 
the mastoid process is converted into a uniform mass of bono, in 
which, when cut with the saw into sections, the cellular spaces are 
either entirely wanting, or present only in small numbers. (Eburna- 
tion of the mastoid process.) 

In caries and necrosis of the mastoid process, after previously 
opening the antrum from above, the cortical portion of the external 
surface of the process is opened with chisel and forceps, in order 

 to ascertain the extent of the disease in the bone. If the outer 
bony shell be perforated by a fistulous opening, the interior of 
the process, mastoid, should be laid bare by widening the already 
existing aperture in the bone by means of the forceps, and by 
careful sounding it should be determined whether a movable or firmly 
fixed sequestrum of the bone is present, and whether, after its removal, 
the osseous walls of the cavity feel rough, or are already covered 
over with smooth granulation tissue. At the same time, by the use of 

Lthe probe, tho direction and length of any fistulous canals between 
the mastoid process and the external meatus or the sinus transversus 
are determined, and in multiple fistulous formations in the neigh- 
bourhood of the ear, their connection with the mastoid process. 
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or with other parts of the temporal bone, is made clear by anatomical 
preparation and exposure of the bstulous passages. 

As in carious-necrotic processes, we proceed also with the so- 
called choleateatomatous formations in the mastoid process which, 
as white, or whitish yellow tumours, iridescent on the surface, may 
sometimes be taken out of the smooth tendinous, gray cicatricial 
tissue-lining of the cavity of the process. More frequently there are 
found in the latter shapeless caseous masses permeated by the detritus 
of sequestra, simultaneously with retention products in the tympanum. 
After removal of these masses, the temporal bone very often presents 
a system of cavities and sinuses, which extends beyond the boundaries 
of the mastoid process, and is caused by partial fusion of the cavities of 
tho process, of the tympanum and of the external meatus. 

11. PREPAEATION OF THE LABYRINTH. 

(a) Preparation of tlie Oeseoue Labyrinth 
The preparation of the osseous labyrinth is much more easily 
carried out on the petrous bone of the new-born infant than on that 
of the adult, because the superjacent bone surrounding the osseous 
labyrinth in the one case is still porous, soft, and only loosely con- 
nected with the labyrinthine capsule, while in the other the con- 
nection of the lab^-rmth with the soUd mass of bone surrounding it is 
so complete that the boundaries between the capsulo and the over- 
lying bone entirely disappear, On the petrous bone of the new-bom 
infant, therefore, it is possible, without special previous practice, 
by careful scraping of the porous, overlying bone with a short, 
sharp Unife, to prepare out the osseous labyrinth in its outlines.* 

In the petrous bone of the infant it is best to begin by laying bare 
the semicircular canals, first of all the superior one. Its position 
is marked by the eminentia arcuala, and below this by a depression 
ending in a cul-de-sac, and called fossa subarcuata (Fig. 21, p. 24). First, 
the spongy and soft osseous mass lying behind this canal is removed in 
layers with a knife, on the one side up to the point where the superior 
and posterior canals meet, and on the other side up to the compact 
wall of the horizontal canal. After this, the exposure of the posterior 
sagittal canal is proceeded with. Its upper cms projects on the 
posterior surface of the pyramid, and can therefore easily be laid bare. 
The curve and the inferior crus of this canal are, however, surrounded by 
a thick layer of the overlying bone, which must be carefully removed 
to make the crus free. The preparation of the horizontal canal, the 
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outer cms of which projects on the inner wall of the tympanic 
cavity behind the fenestra ovalis, is effected by removing in layers the 
osseous mass still remaining behind and below, the difference between 
the porous structure of the bony covering, and the compactness of the 
walls of the canals, serving as a valuable guide while proceeding with 
the preparation. 

When the semicircular canals have been exposed in their rough 
outlines, the finer work of preparing commences. In the first place, 
the space below the superior canal is made accessible by piercing, 
with a straight, sharp, awl-lihe instrument or drill, the remain- 
ing mass of bone. Then a thiu, round file is introduced into the bore- 
hole, and the remainder of the overlying bone is filed away up to the 
concavity of the canal. 

The isolation of the posterior semicircular canal is more difficult, 
as the inner crus of the horizontal crosses the posterior canal and partly 
projects into the space within the concavity of the latter. In order. 




Fio. 92.— Portorior view of ihs onBeous Ubyrinth, with the three Bsniieirealftr caiuJi, the 
cochlea Mid the aqusducU of a new-born infant. (EaUr^d to double its aze.) — ca = 
DochlM ; mi = meat, aadic. intem. : ac — uiiueduGtua eacbleie ; av = a^utedactua Teiti- 
tnli. 

therefore, to free the posterior canal, the osseous substance between 
the inner crus of the horizontal, and both crura of the posterior canal, 
is so far cut out with the point of a penknife as to obtain two slit-like 
openings, which, being widened by a narrow, flat file, isolate the two 
canals one from the other. The particles of bone remaining between 
them are removed partly with the sharp point of the knife, partly 
■with the file. After this, the soft osseous substance lyiog within the 
horizontal canal is pierced vertically with a drill or pointed, awl-like 
instrument, and this canal likewise cleared by means of a round file. 
Finally, by careful filing and scraping, with suitable instruments (Fig. 
13), of any remaining roughness on the surface of the canals, the pre- 
paration of the posterior portion of the osseous labyrinth is completed. 
In order to represent the capsule of the cochlp" '-bom 

infant, the soft, superjacent bone is removed * 
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either from the side of the labjTiDth or from the point of the pyramid, 
until the inferior cochlear convolution is reached. In this manipula- 
tion it is all the more easy to recognise the cochlear capsule, as the 
apace intervening between it and the superjacent bone is lar^e-cclled 
and porous, and the gray capsule glimmers through as a uniform 
and more compact structure than the spongy bone over it. Yet 
the preparation of the capsule of the cochlea requires considerable 
care, because its compact osseous substance is thin as paper and very 
brittle, and breaks on the slightest pressure. Inequalities on the 
exposed semicircular canals and the cochlea are removed by careful 
rubbing with fine emery-paper. 

On the pars petrosa of the embryo (6-8 months), in which the 
labyrinthine capsule is surrounded merely by a thin layer of bone, the 
osseous labyrinth can be much more easily dissected out than in the 
temporal bone of the new-born infant. 

Much greater are the ditficulties met with in the preparation 




Fio. S3.— lateral wall of tho pyramid. — o 
HcmicaiiBlis pro tens, tyrap. ; c — cuiklia 
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of the osseous labyrinth in the adult, the capsule and the over- 
lying bone being here fused into an exceedingly dense mass, which 
is no longer anatomically separable. Even if we succeed in pre- 
paring out the form of the osseous labyrinth from this extremely 
hard mass of bone, we must not by any means imagine that we have 
the actual capsule. Although this preparation, in anatomical respects, 
possesses much less value than the morphological representation 
of the labyrinth by corrosion, yet, for the sake of completeness, we 
did not feel justified in entirely passing over this method of preparing 
the labyrinth in the adult. 

The boundary of the capsule not being traceable in the mass 
of the petrous bone of the adult, the semicircular canals must be 
opened in order to obtain a guif oaring it -r this 

purpose, the osseous mass bore orly or Is is 

first sawn away at a distance ind t of 
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the superior canal. Then, by filing off the eminentia arcuatft, 
the cana! is opened at its convex curvature. The slit now appearing 
to view stands vertical to the axis of ths pyramid, and gives us ths 
direction of the superior canal, which from this point can be easily 
opened in its entire length, by filing off, in the direction of tho slit, the 
osseous mass in an outward direction up to the ampuUary dilatation 
on the one side (Fig. 93). and inwards as far as the union with the 
posterior canal on the other side (Fig. 94). 

The preparation is now so fixed in the vice, that the posterior 
surface of the pyramid faces upwards. If then the surface of bone 
lying behind the por.'acust. int. be filed away, first the superior cms, 
next the arch, and lastly the inferior crus of the opened posterior 
canal (Fig. 94, h), come into view. 

Next follows the opening of the horizontal semicircular canal, 




Tia. 84. — Parterior wsll of the pyrimid.— o = tneatua nudit. int. ; o = ouudis Bemicire. 
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the preparation of which offers the greatest difficulties. If the 
object be fixed in the vice, with the posterior extremity of the 
pyramid directed upwards, the canalis horizontalis is seen after 
filin g off the osseous mass lying laterally from the curve of the 
posterior canal. By continuing the filing in the direction towards the 
inner wall of the t3mipaniG cavity, the external cms (Fig, 93, h) 
of this canal is also opened as far as its embouchure into the 
vestibule. The laying bare of the inner crus is not effected until 
later. 

When the semicircular canals have been opened in the manner 

described, the osseous mass between them must be removed for the 

purpose of clearing them further. In order to take away the greater 

' portion of the bone between the superior and horizontal canals, the 

' preparation is again so fixed in the vice that the upper surface of the 

pyramid is directed upwards. A fine fret-saw is now applied perpen- 
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dioulftrly, close behind the superior canal, which has already been 
opened, and the compact bone is sawn through, but only as far as 
the union of the superior and posterior canals. The saw is next 
applied horizontally immediately above the horizontal canal, and the 
cut carried up to the former vertical one, when the piece of bone 
between the superior and horizontal canals will fall out. 

By a second cut of the saw made perpendicularly downwards in 
front of the superior canal, and extending about 2 mm. deep to the 
vicinity of the vestibule, and below gradually assuming a horizontal 
direction forward, the anterior side of the superior canal is likewise 
freed from the adjoining osseous mass. The bone, still remaining 
below the horizontal canal, is taken away with files and graver. 

The removal of the osseous substance within the concavity of the 
canals is effected by means of a drill, piercing first the surface of the 
bone below the superior, and then that within the horizontal canal. 
The bore-hole is now widened by using larger round files in suc- 
cession, until so much of the bone is filed away that only a thin 
lamella remains below the opened canals. 

Most difficult is the clearing of the concave side of the posterior 
and of the inner crus of the horizontal canal. This is most quickly 
accomplished if the osseous mass, lying within the posterior canal, be 
pierced in two places, close below the superior, and above the lower 
crus, with a very fine drill, in the direction towards the inner wall 
of the tympanic cavity. Between the two bore-holes there still 
remains in the osseous mass the inner crus of the horizontal canal. 

With thin, round files, and afterwards with a narrow, fine, flat file, 
these two openings are gradually lengthened, and, making special use of 
the latter instrument, the bone lying between the arch of the posterior 
and the inner crus of the horizontal canal is taken away. The portions 
of bone which cannot be filed off are removed by means of narrow 
gravers and scrapers (p. 4), and with these instruments the inner 
cms of the horizontal canal is likewise opened. 

The preparation of the osseous capsule of the cochlea is now pro- 
ceeded with. For this purpose the diploelic bone tissue, extending 
from the point of the pyramid to the compact capsule, must first of 
all be removed, partly with forceps, partly with file and graver. The 
compact lamella of the posterior wall of the pyramid, however, which 
serves as a basis for the cochlea, and helps to form the internal 
auditory meatus, must be preserved intact, which is simply done by 
removing, with a broad graver, the remaining diploetic osseous tissue 
between it and the compact capsule. The form of the cochlea, with 
its convolutions, can now be worked out, by means of gravers and files, 
fix)m the exceedingly hard mass of bone surrounding the cochlear 
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cavity, but as the boundary between the capsule and overlying bono 
in the adult can no longer be detected, all such preparations aro 
to be regarded as artificial. lu order, therefore, to dissect out the 
cochlear convolutions in their true positions, it is necessary to open 
them. Commencing at the fenestrv rotunda, the lower convolution is 
opened with tile and graver to a width of J mm., and from here the 
opening of the convolutions continued up to the proximity of the apex 
of the cochlea. Not until they an.' opened in such a maimer that the 
edges of the lamina spiral, ossea can be distinctly seen through the 
slit, may the osseous mass which lies between the opened convolutions, 
and is most strongly developed between the first and second turns, be 
carefully filed out, in order to give the preparation externally the form 
of the cochlea. 

For the preparation of the osseous labyrinth the dental engine is 
also well adapted, which, provided with variously shaped drills and 
bits, renders it possible with a little practice to shorten the proceeding 
of laying bare the labyrinthine capsule. 

Model collections of preparations of the labyrinth are those of the 
anatomist Ilg, of Prague, one of which is in the museum of that city ; 
the other, formerly in the Josepbinum, is now in the anatomical 
museum of Vienna, 

Laying Bare of the Vestibule. — If the roof of the vestibule, situated 
between the frontal (superior) semicircular canal and the cochlea, be 
removed by a horizontal cut, having its concavity upwards, and passing 
above the fenestra ovalis, a view into the vestibular cavity is obtained. 
It will reveal, posteriorly, the following : The three ampullar openings 
and the two mouths of the semicircular canals, anteriorly, the entrance 
into the scala vestib. of the cochlea, on the external wall (Fig, 
96, 0), the fenestra ovalis, on the inferior wall, the commencement of 
the lamina spiralis ossea (sp), and the fissure caused by the macera- 
tion of the first piece of the spiral membrane (lamina spiralis 
secundaria). This fissure forms, in the macerated temporal bone, 
the well-known communication between the vestibule and the scala 
tymp. of the cochlea. 

This, however, is by no means sufficient for the study of the 
details of the vestibule and cochlea. In order to obtain an exact 
idea of the situation of the recess, hemiellipt. et hemispbiBric., as well 
as of the ampullar openings and the mouths of the semicircular canals, 
of the labyrinthine fenestrte, etc., sections must be made through the 
vestibule and cochlea in three directions, on several petrous bones. 
The cuts are made with fine fret-saws, either on dry temporal bones, 
or on such as have previously been lying for twenty-four hours in water. 
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A frontal cut at the posterior edge of the fenestra ovalis through the 
vestibule brings into view on the posteriorwall of the latter, and at ita 
transition into the upper and lower walla (Fig. 95) : the ampullar 
ori£ces of the superior (as), of the horizontal (ah), and of the posterior 
(s) semicircular canals, as well as the mouths of the horizontal (h) 
canal and of the canalis communis (co), formed by the union of the 
superior and posterior canals, grouped as shown in the accompanying 
illustration. 

On the anterior vestibular aspect of the frontal section are visible 
the commencing portion of the lamina spir. ossea, the entrance into 
the scala vestibuli of the cochlea, and medially from it a part of the 



A sagittal cut in the longitudinal axis of the pyramid through the 
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middle of the vestibule, consequently parallel to the medial vestibular 
wall, shows, on the lateral section, the details of the external and 
inferior walls of the labyrinth (Fig. 96) ; the oval window (o) ; below 
this, on the floor of the vestibule, the before-mentioned iissure (sp) 
leading into the scala tymp., the ampullar openings of the superior 
and horizontal somicireular canals situated above the oval window on 
the outer wall of the labyrinth, the section of the lower cms of the 
posterior canal (c), and tbe oblique section of the lowest turn of the 
cochlea (co) with the tract, spiralis foraminuleatus ^fol. 
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On the medial wall of the vestibule (Fig. 97) are visible : parts of 
the recess, hemiellipt, et heraisphreric, oblique sections of the semi- 
circular canals, the vestibular opening of the aquseduct. vestibuH, and 
the sections of the meat, audit, int. and of the facial canal. As a 
matter of course, the view of the outer and the inner wall of the 
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FlO. 97.— S«gitfal Bcetinn throagh the limji aiia of the pyramid : view of the inner half o( 
the (action. — v = inuer wall oE the veEtibute with the reccBs. -hemiellipticuB ; o o' c" = 
■egmenta of the Bection through the rwBeom aemicircular c&nali ; > = embouahure of the 
DaulU communiB ; aq = va»tibnl»t opening of the fu]nffiductn» vostibuli, with ita furrow. 
■hapcd continuation dowawdrds on the inner wall of the restibuU ; mi - lection of the 
neat, audit, fntem. ; c (front) — portion cif the lower convolntioD of tho cochlea ; f — 
aection of the canalis facialis ; j = fossa jugularis. 

labyrinth will vary, according to the section falling nearer to the 
medial or to the lateral wall, and according to the more or less slanting 
directioQ of the cut. 




flG. GS. — Section through FiC, 99. — Horizontal tectinn tlirough the petrous bnne of a 

the nueous capsule and new-bum infant. [Enlarged to double its «iw.}— a = 

the modiolus of the coch- ve»tibule ; b = bise i>f the cochlea ; c — cupola ; d d' = 

lea, with the lamina spiral. sections of the superior semicircular canal; e = internal 

oasea.— a = iotemal audi- meatus ; t = sttpes ; g - antrum maetoideum. 
torj canal ; b — modiolus. 

Sections through the cochlea are made either in a frontal direction, 
perpendicularly to the long axis of the pjTamid, or horizontally, note 
being taken of the fact that the apex of the cochlea lies level with 
the canal, pro tens. tymp. (see Fig, +2, p. 40). The interior of the 
cochlea appears different, according to whether the scalse have been 



122 PREPARATION OF THE MEMURANOITS LABYRINTH. 

opened by the cut laterally from the modiolus, or the latter divided 
exactly in ita axis. This section (Figs. 98 and 99) gives a clear repre- 
sentation of the relationship of the modiolus to the lamin. spiral, ossea, 
and of the diameter of the former, on which the canals for the blood- 
vessels and nerves can be distinguished by magnifying power. Sections 
which meet the cochlea outside of the modiolus bring under observa- 
tion the external surface of the latter and the relative inclination of 
the osseous spiral lamina winding round it. Instructive preparations 
of this kind, showing also the relationship of the hamulus of the 
lamina spiralis to the apex of the cochlea, are obtained if the cochlear 
capsule, taken from the temporal bone of a child, be broken off in 
small particles with a pair of small, finely-pointed forceps, special care 
being taken to keep the lamina spiralis intact. 

Topographical aecHons of the entire labyrinth, which demonstrate 
the relative position of the various parts of the labyrinthine cavity, are 
made in a horizontal or sagittal direction through the pyramid. The 
best horizontal sections through vestibule, cochlea, and internal 
meatus are obtained if the cut lies in the middle of the latter, and a 
little above the fenestra ovalis. Cuts which pass somewhat lower, 
through the middle of the oval window, meet the cochlea only at its 
lower turn. Two parallel sagittal cuts through the labyrinth in the 
longitudinal axis of the pyramid are suthcient to make us acquainted 
with the above -described details in the vestibule, as also with those of 
the cochlea, which, being divided perpendicularly to its axis, wiU show 
the transverse section of the modiolus. 

(b) Preparation of the Membranous Labyrinth, 

The preparation of the membranous labyrinth is a most difficult 
task ; but the obstacles which the tirst attempts meet with are soon 
overcome with practice. It was Voltolini (l.c.) who first pointed out a 
method by which the three membranous semicircular canals, in con- 
nection with the utriculus, can be removed entire from the laby- 
rinthine cavity. The proceeding, with some modifications of Voltolini's 
method, is as follows : The canal, semicirc. superior is first opened by 
carefully removing, with a moderately strong file or short scraper, the 
osseous mass on tho eminentia arcuata, until the canal shines through 
the thin layer of bone. In the same manner the bone covering the 
external and internal crura of tho superior, as well as the entire 
posterior canal, is cleared away by careful filing and scraping, until 
both canals can be seen through. Next, the bone lying in front of 
the superior canal and over the vestibule is removed in thin layers, 
at first with the chisel, but in advancing deeper, with the short 
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Boraping-iron, until the vestibular cavity also shines through. Now, 
at the spot where the superior and posterior canals, joining in a 
eommon opening, enter the vestibule, a small hole about the size of a 
pin's head is made in the roof of the vestibule with the point of a 
small knife. Through this a thin preparing needle is introduced, with 
which the bridges of connective tissue, uniting the utricle and the 
ampulloe with the osseous walls of the vestibule, are loosened. In 
order not to injure, during this manipulation, the saccules and 
ampullfe, the point of the needle should be kept close to the osseous 
wall, and the loosening of the connective-tissue bridges eflected with 
care by slight lateral movements. Not until then can the roof of 
the vestibule be carefully broken open from this aperture, with a 
short pointed knife. 

After this the superior and posterior canals, already shining 
through, are opened by very cautiously cutting with a knife the thin 
layer of bono still remaining, avoiding, in doing so, any injury to the 
membranous canals. The whole preparation is now placed under 
water in a wide saucer, and with a preparing needle, somewhat bent 
at its point, the membranous canals, which are only slightly adherent 
to a circumscribed spot on the bony wall (see the Histological part), 
are cautiously Ufted out of the osseous canals, without separating 
their connection with the vestibular structures. Only when both 
membranous canals are freely floating in the water is the preparation 
again removed from it, the two canals being carefully pushed into 
the vestibule with a needle. 

To prepare out also the horizontal membranous canal, in connec- 
tion with the utriculus, the now superfluous superior bony canal and 
the upper crua of the posterior one, together with the osseous mass 
between them, must be cleared away by a horizontal cut. To avoid 
injury to the horizontal canal, this cut ought to be carried a little 
above the outer crus of the latter, which projects behind the fenestra 
ovalis on the inner wall of the tympanic cavity. Slow scraping and 
filing of the surface of the cut will soon render the bone so far 
transparent as to allow a view of the horizontal canal, which, under 
the already described precautions, is opened out up to the vestibule, 
whereupon the membranous canal is lifted out under water, and in its 
turn pushed into the vestibule. 

Semicircular canals, ampullre and utriculus, now form one lump 
in the vestibule. In order to remove intact the whole mass, the 
adhesions still existing between the membranous structures and the 
osseous vestibular wail, and which can be perceived under water mth 
the aid of a lens, are carefully loosened with a needle, keeping the 
point close to the osseous wall, and then the entire lump is allowed 
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to glide out of the vestibule into a watch-glass filled with water. 
Here the labyrinth is disentangled, not with needles, but by gently 
shaking the watch-glass and by allowing water to fall in drops upon 
it from a certain height, until saccules and membranous canals have 
assumed their normal position. The preparation may either be pre- 
served in spirits of wine in a correspondingly small glass Jar (Fig. VI. 
of the plate), or mounted as a miscroscopic object. This method is 
recommended only for the purely anatomical representation of the 
membranous labyrinth. For pathological cases, however, where it is 
not only a question of observing the finer structural changes of the 
membranous labyrinth, but also of ascertaining the presence of patho- 
logical processes on its osseous wall, and the relation of this to the 
membranous labyrinth (new formations of connective tissue and of bone 
in the labyrinth), the histological examination on decalcified sections 
of the labyrinth is to be preferred. (Compare the Histological part.) 

If, in the examination of the membranous labyrinth, no regard is 
to be paid to the connection of the membranous structures, the semi- 
circular canals and ampulla may be obtained, though unconnected 
with the utricle, in the following simple manner : on the pyramid of 
a fresh temporal bone, placed upon a firm support, a chisel, 2-3 cm, 
broad, is applied a few millimetres in front of the erainentia arcuata 
superior, that is, above the middle of the vestibule in a frontal direc- 
tion, and with one blow of tho mallet the entire labyrinth is cut in 
two. The two pieces are placed in water, and waved to and fro in it, 
until portions of the utricle, of tho ampullje, and the ends of some of 
the membranous canals, are seen floating in the water. Although 
the last-named structures are fixed to the wall of the osseous canal at 
a circumscribed spot, they are very easily detached. If the ampulla 
be now taken hold of with a fine pincette, it is possible by careful, 
not too sudden pulling, to draw tho three membranous canals from 
the osseous, and to subject them to microscopic examination. Of 
the utricle and saccule, it is true, only fragments are obtained, 
which, however, in some eases, are sufficient for pathologico-histo- 
logical examination. 

But should it be intended to obtain the saccules as intact as 
possible, irrespective of their connections with the semicircular canals, 
the attachments of connective tissue between the saccules and the 
walls of the labyrinth are loosened with a iine needle, through a small 
opening made in the upper labyrinthine wall after the manner 
described at the commencement, and the aperture having been 
widened, the still remaining connections are separated, and the 
saccules, under water, taken out of the vestibular cavity. The utricle 
may thus frequently bo obtained quite intact, the saccule, however, 



Lbeiug more intimately connected with the labyrinthine wall, only in 
■fragments. The removal of the saccules from the vestibule by way 
I of the oval window, when the stapes and surrounding osseous mass 

 Iiave been taken away, is only successfully accomplished after long 
Bpraetice and by careful preparation, notwithstanding the fact that 
■between the external wall of the labyrinth and the saccules there 
■exists a considerable perilymphatic space (Steinbriigge), which is 
pfevourable for laying them bare from the lateral side. 

K Eiidinger (i.e.) advises, for the purpose of general study of the fresh 
■ilBbyrinth in the dissecting-room, applying a moderately-sized chisel 
fciorizontally to the lateral edge of the internal meatus at its upper 
Hfart, and driving it in horizontally from behind forwards. The upper 
Kbalf of the osseous labyrinth is thus forced away, and the vestibule 
Kand cochlea are opened. Fragments of the membranous canals, of 
K'the saccules and of the cochlea, can then be taken out under water 
Bvith needle and pincette. 

I The preparation of the cochlea in the fresh state presents diffi- 
Bculties in so far as the opening of the capsule is necessarily attended 

 Tith injury to its membranes. For the study of the structure of the 
Veochlea, however, its anatomical preparation is indispensable. In 
lArder to obtain at least part of the lamina spiralis membronacea 
Btintact, after removal of the upper wall of the meat, audit, intern, 
I Bbove the entrance of the ramus cochlear into the modiolus, the 
ft lowest convolution of the cochlea is opened with a narrow chisel or 
I graver. The opening is enlarged for enough to allow a slightly 
L bent needle to be introduced, with which the broader margin of the 
■jmembranous spiral lamina is detached from the outer cochlear wall. 
■.This having been done at the superior segment of the lowest, turn of 
■tbe cochlea, that portion of the capsule is broken away in pieces with 

 a small, finely-pointed bone forceps, and from here the loosening of the 

 lamina spiralis, the severing of the structural supports, and the breaking 
Bjaway of the capsule in the remaining turns should be continued, Thus 

 the upper portion of the cochlea is exposed, while the lower part of 
Kthe convolutions still remains in connection with the capsule. An 

 attempt is now made with the preparing needle to loosen from above, 

 as far as possible, the lower portion of the lamina spiralis from the 
I bone also ; then, with a small knife, the base of the modiolus is cut 
■through close to the internal meatus, afwr which the entire contents 

 of the cochlea, with the exception of the part of the first convolu- 
Bition bordering on the fenestra rotunda, can be lifted out with a fine 
■toincette. 

^K If the cochlea, thus prepared out, be placed in dilute spirits of 
H^e, and the Hquid gently shaken, the lam. spiral, membran. will 
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expand, and under moderate magnifying power a clear representation 
is obtained of the osseous and membranous spiral plate in its connec- 
tion with the modiolus, and portions of it may be cut off with scissors 
to be examined microscopically. For pathologico- anatomical research 
this method is only applicable in exceptional cases, as for tho study of 
the histological changes microscopical sections of the entire cochlea 
(see the Histological part) are infinitely better suited. 

It is very easy to obtain the membranous cochlea, with its capsule 
complete, from festal organs (five or six months), by splitting with two 
preparing needles the still soft cartilaginous capsule, and detaching it 
from the membranous part. It is also possible, on the petrous bones 
of new-bom infants, less frequently on those of adults, to prepare out 
intact the membranous cochlea from its osseous capsule, if the pyramid 
be first hardened by placing it for two or three weeks in a 2% solution 
of chromic acid, and then slowly decalcified with nitric or hydrochloric 
acid to such a degree that the capsule can be removed in layers with 
needle and pincette. My collection contains several preparations of 
the cochlea obtained in this manner. 

Recently Katz* has published a method of representing the mem- 
branous labyrinth by which, through corrosion of its osseous capsule, 
the membranous structures are exposed. A fresh petrous bone, or 
even an old spirit preparation, is decalcified for six to eight days — if 
from an adult in 15-25 %, if from a child in 8-12 %, hydrochloric acid ; 
then 10-15% nitric acid is added to the liquid, and the preparation 
allowed to remain in it for eight to fourteen days longer, until it 
appears changed into a gelatinous mass. 

The corrosive liquid having been poured off, the preparation is 
placed in water, where the softened bone is carefully removed with 
needle and carael's-hair brush, so far as to leave only enough of 
it to hold the preparation together, By this means are obtained, if 
not always entirely, at least partially in connection, the membranous 
saccules, ampullie, and semicircular canals ; also, especially clear, the 
twigs of the ramus vestibuli, running in the petrous bone ; and, lastly, 
the facial nerve. For preserving the preparation a 2% solution of 
chromic acid is recommended. In the experiments made by me, I 
always obtained mere fragments of the membranous labyrinth. 

Another method, recommended by Barth, for representing the 
membranous labyrinth by corrosion, is to be found in the chapter 
' The Preparation of the Organ of Hearing by Corrosion.' 

Very instructive for the macroscopical study, and for the topotTaphy 

of the membranous labyrinth, are those sections of decalcified petrous 

bones on which the labyrinthine structures have been hardened before 

• Beitrag lar snatomiachen Priiparstion dea hiiutigen LftbjriBtha (M, f. O., 1887, Nr. 7). 
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deealeification ; while, as regards the ehemico-techoical proceeding, we 
refer to the Histological part of this work. We here only observe that, 
when the decalcified pjTamid, dehydrated by alcohol, is placed in a 
solution of ceiloidin, the latter penetrates into the labyrinthine cavity ; 
and after the hardening of the medium in diluted alcohol (70 %), the 
membranous structures of the labyrinth are so fixed as to appear in 
their original positions on the sections. 

Especially suitable for such sections are petrous bones of new-bom 
infants, which are decalcified in a much shorter time than those of 
adults. Horizontal sections through the internal meatus, modiolus, 
vestibule, fenestra ovalis, and stapes yield very beautiful preparations. 




Pio. 100. — Horiiontsl section Ihoiiigh a 
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which, preserved in dilute spirit, are of much service for demonstra- 
tion purjjoses, especially when magnified with a lens. 

The accompanying illustrations (Figs. 100 and 101) give a clear idea 
of the relationship of the membranous structures of the labyrinth. On 
the upper segment of the pyramid (Fig 101, u) we notice, through the 
transparent celloidin, the transverse section of the ulriculus (u) hlling, 
in the shape of an elongated sac, the greater portion of the vestibule, 
while in the lower segment (Fig. 100, u) it occupies only a small 
part of the medial space of the latter. Tho section through the 
cochlea, modiolus (c), and the internal meatus, allows the arrange- 
ment of the cochlear convolutions, the mode of attachment of the 
membranous spiral plate, and of Reissner's membrane to be recognised- 
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finally, in the internal meatus the nerv. aciisticus, with its division 
into the ramus vestibuli (rv), and ramus cochlem (re), is visible. 
The nerve bundles, sharply marked by their hght-green colour, 
may, with a magnifying lens, be traced on the one side into the 
vestibule, and on the other, through the modiolus, into the lamina 
spiral, ossea. 

For the study of the topographical position of the semicircular 
canals, ampullfe and saccules, it is further advisable to make a seiies 
of frontal sections through the previously decalcified pyramid, and 
impregnated with celloidin after the method described. By carrying 
a frontal cut through the posterior portion of the pyramid, 2-3 mm. 
behind the superior semicircular canal, a preparation is obtained, on 
which will be seen, as the accompanying illustration (Fig. 102) shows. 



Fia. 102. — View oE tbe topogiapliical pu«it[on of the membranoiu semicirculiiroattaUirithin 
the osieuuB : tmnivarBe BecCion through the poatarinr jjarl u[ tbc dccalDiGecl pyramid of 
B new-born infant. (Right eir.) — i — trMi*verae aeclli.n of the lUperlursemicircuJor canal; 
b b' = trkDBTerw ■eotiuns □( the horizoiital gemicircular cuiiJ ; p p' = tniiBverae eectiuns 
of the postdrior nprnidrculkr canal ; o = ioi'tn eubanuata ; an = inner wall of tbe maitoid 
aatnuD. After a preparatioD in my cullcctioo. 

the relation of the diameter of the membranous to the osseous canal, 
and the mode of attachment of tbe membranous canals to the osseous 
walL A frontal cut carried more anteriorly, close behind the superior 
canal and behind the fenestra ovalia {see Fig. 103), meets the posterior 
portion of the vestibule, in which the section of the utriculus (u) with 
the cistern a perilymphatica, placed between it and the external 
vestibular wall, are perceived ; likewise the ampulla of the posterior 
canal (ai), that of the horizontal canal (ah), the inner crus of tbe 
latter (ch), and a part of the intratemporal aquajduct. vestibnli (aq). 

12. PBEPARATION OF THE AQU^ffiDULTUS VESTIBULI ET (.■OCHLEiE. 

(Ductus endo- et perilymphaticua.) 

The representation of the aquajducts of the labyrinth is one of 

the most difEcult tasks in the preparation of the organ of hearing. 

This may be inferred from the remarkable fact that the important 

anatomical discovery of the highly-gifted Domenico Cotugno, and his 
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minute description of the labyrinthine aqureducta,* illustrated by 
diagrams, remamed for nearly a whole century almost unnoticed by 
anatomists. In spite of the corroborating statements of F. Jleckel, 
Hyrtl.t and Van don Eroeck, in whose excellent, though little known 
anatomical atlas of the organ of hearing, J Plate IX., the intradural 
sac of the aqueduct, vestib. is beautifully delineated, the vestibular 
aquieducts were, until a few decades ago, looked upon as venous 
Is, or osseous fissures containing processes of the periosteum. 
fcCotugco's discovery was fully confirmed by the excellent monograph. 




a t 

Flo. 103,— Frontal section through tbe poateriar portion of the rwtibale, btbinii the feneitrb 
ovalui.— u = utrioulus ; p = ciBtenui peril jmpliatics ; ah = ampulla horiionUL ; ch = 
cection of tha horizontal aemicircular canal ; ai = ampulla inferior; at - rtapei ; a<[ = 
section of tbo aijuffiductna vestibuli. After a pceparation in my collection. 

'Entwicklung und Bau des Gehdrlabyrinths ' {Leipzig, 1863), of A. 
I Bottcher, to whom we are indebted for having discovered the mem- 
r branous canals of the aqueduct, vestibuli discharging into the saccules ; 
 further, through the anatomical studies of C. Haase (1870-73), through 
I the works of E, Zuckerkandl and Weber-Liel (M. f. 0., 1869, Nr. 8), 
["and by Riidinger'si) more recent publication; and it is to Zuckerkandl 

• Do oqiUKduotibQB auria humanffi intamffi^ Vienna.', 1771, 

+ VotlaufigeMitthBilunganilberdaaKnochfinlabyrintlider^ugothiBre. Med. Jahrbiicher, 
bl843. 

I I Ontleekundige en PhjsiologJKhe BeBchrijviug van het ijntuig des Gehoore door Dr. J. 
V K. TOO den Bn>eclc (Amham, 1853). A copy ot tbia rare work was preaenled to me by Dr. 
[. Uoll, of Ambem. 

i ' Uebet die AbfliiBnoaDSle der Endolympha dea ioneren Obrea ' (Sitzungsbericht dec kgl. 
Uyer. Akademle der Wiasenseh., 13Sr, Heft 3J. 
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in particular that credit is due for having, by his excellent treatment 
of the subject, supplied definite data for the preparation of the 
aquceductus vcstibuli.' 

(a) Aqua:ductii,3 Vestihuli. 

If a cut be carried by means of a saw through the pyramid of 
the petrous bone, corresponding to its long axis, and pawdlel to its 
posterior surface, thus dividing the vestibule into halves, we find, 
on the inner vestibular wall, in front of and below the common 
embouchure of tho superior and posterior semicircular canals, the 
small internal aperture of the aquajductus vestibuli (Fig. 104'), 
terminating below in a furrow. This opening leads into a very narrow 
canal, which is rarely passable to a bristle, and which describes 
a slight curve in the osseous mass of the petrous bone lyin<^ in front 

c a ( 






L 



c' vaq J 

Fio. 101. — Sogittsl ■ection through the long axis of the pynuoid : view of the inner >iirfaee 
ot the out — V = fnner wall of the veitihiile, with the recess. hemiellipticuB ; »q — verti- 
bular embouchure of the sqiiteduct. vestibuli, with it« furpDW-ahnped continUfttlon down- 
wmrdi on the inner vestibular w&U ; f =^ gection of the canaliB facialis ; j = foaea juguUrii. 

of the posterior (sagittal) semicircular canal, and terminates at 
the posterior surface of the pyramid behind the porus acustic. 
intern, in a slit-like dilatation (apertura ext aqueduct, vestibuli) 
(Fig. 21, p. 24). 

This osseous canal contains the extremely narrow membranous 
canaliculus of the aquaiduct. vestibuli. To expose the former in the 
macerated temporal bone, from the apertura extern, aquieduct. 
vestibul. (Fig. 105, av) to its opening into the vestibule (o), the osseous 
lamella, bordering posteriorly on its external opening, is removed 
by means of a broad graver, and the triangular space of this slit 
(flv) laid bare, up to the narrow part of the osseous canal. From this 
point the work of preparation must be limited to the removal of sroall 
pieces only, by means of a pointed file and fine graver, because the 
narrow canaliculus is so easily choked with bone dust, that tho 
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^m trace of it is lost in the mass of the petrous bone, and diliicult to find 
^M again. 

^M In order, therefore, not to miss the direction of the course of 

^P the small canal during the preparation, it is advisable first to 
H^ inject it with coloured wax. This is best done by inserting a small 
tube air-tight into the fenestra ovalis, the round window being at the 
same time closed up with putty. The injection may be considered 
complete when the coloured wax can be seen at the hiatus aquicduct. 
vestibul. on the posterior wall of the pjTamid, When this is not the 
case, which happens rather frequently, the cause of the failure must he 
sought for in the blocking up of the canal by tissue-remains or other 
products of maceration. 

The colouring of the osseous canaliculus, for the purpose of more 
easily finding it during the preparation, succeeds on well-macerated 
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Fio. 105.— Posterior surface of the pyramid of the right temporal bone, with the opened 
intntemporal canuUciUiia of the oiiiuednct. Teatibull and the embouchure of the aquffidnct 
coohleie. — 7mi ^ meat, audit, intern. ; av — alit-liks opening of the anuceduct. vestib. oa 
the poaterior Burface of the pyramid ; a = opening of the oaseoiu canal of the aqna^uct. 
veaUb. in the vestibule ; o' = canaL semicirc. super., opened ; s = oanal. Bemtcirc. post., 
Opened ; ac ~ funnel-shaped outlet of the aiguicduct. cochl. ; ai = ginus traiuv. ; w — pnio. 
I Butat. Alter a preparation in my collection. 

temporal bones by placing the object in a coloured liquid, after 
previously thoroughly soaking it in water for one or two days ; the 
liquid will penetrate into the fine osseous canals without colouring 
the bone itself. Carmine or hiematoxylin solutions are beat adapted 
for the purpose ; the colour of the latter can he eluninated, when 
the preparation is completed, by placing the bono in dilute nitric acid. 
On temporal bones of new-born infants, the two osseous aquasducta 
may be successfully prepared out from the surrounding bono, with 
graver and file. Several perfect specimens of this kind are to be found 
in the celebrated collection of Professor Ilg, which has been added to 
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the anatomical museum of Vieima. The accompanj-iiig illustration 
(twice the actual size) is taken from a preparation in this collection. 

The preparation of the membranous aquffiductus vestibuli (ductus 
et saccus endolymphaticus), is divided into that of the intracranial, 
and that of the intratomporal portion. The tracing of the intra- 
cranial portion, a sac-shaped space, 5-9 mm, broad and 8-15 mm. long, 
situated between the layers of the dura mater covering the posterior 
surface of the pyramid, presents, after a little practice, no special 
difficulty, A. most important guide is the protuberance, 3-4 mm. 
behind the porus acuaticus internus, which ia found in front of the 
apert. ext. aqu^'educt. vestibuli, and which, as in the macerated 
hone, also projects in the posterior surface of the pyramid covered by 
the dura mater. From this protuberance, in a slanting direction 
backwards and a Httlo downwards towards the lower curvature of the 
sinus lateralis, lies the intradural sac of the vestibular aqueduct 
alluded to. In some preparations, as I repeatedly noticed, its position 




Fia. 106. — Pocterior view of the osseoua labyrinth, with the thiee aemicircular CUiftli, the 
cachlsB ood the aquieducta of a new-born infant. (Enlarged to double itaiiize.) — co=:cochle»i 
mi — meat, audit, intero. ; oc = ftquecductiu cochlea ; av = aquKduclua vestibuli. 

and extent can be clearly distinguished by a slight fluctuation, which 
becomes perceptible when the place is touched with the point of 
a probe. In order to expose the sac, a short incision is made behind 
the protuberance, i.e., at the point of transition of the sac into the 
intratemporal portion, and air is forced into it through a small tube 
introduced into the opening. If this is successful, the Inflated sac will 
show itself sharply defined in its limits and extent 

With the object of laying bare the inner surface of the sac, a 
whalebone sound is now inserted into the opening of the incision, 
then carefully moved backwards and downwards, and the medial wall 
of the sac is cut in its longitudinal direction, by moans of fine scissors. 
For the purpose of exposing the floor of the sac (lateral wall), the 
slit in the medial wall is divided by two transverse cuts, and the four 
triangular flaps thus made are turned back, as shown in Fig. 107, av. 
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In order to demonstrate the capacity of the sac, Zuekerkandl 
suggests making an incision and stuffing the whole cavity with cotton 
wool, whereby the entire intracranial portion of the aqueduct in its 
outlines stands out in rehef on the posterior surface of the pyramid, 

»The sac may also be injected with a quickly setting coloured mixture 
of wax and resin, if an incision be made at its most anterior boundary, 
to receive the fine canula of a sjTinge. 

In the above-mentioned treatise of Cotugno there are figured 
several lateral canals branching ofl" from the intradural sac and 
running on in the dura mater. The existence of these small canals, 
passing off from the floor of the sac, was confirmed by Zuekerkandl 
and Weber-Liel, Recently Riidiuger (I.e.) has proved, by a series of 
microscopical sections on embryonic heads of various animals, that 
from the floor of the endo-lymph sac tubular prolongations pass out 
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nrface of the pyromld of the right potrouB bone of an adult, with the 
t of tlie a.iuffiduct vcstibuli.— mi = meat, audit iotemue, with the 
nafT. acuBticua ; av = opened intradurttl puc of the sijufeduct. cestibuli ; si — upper aection 
of tbe Biniiij tranav. ; ai' — its lower faction. After a preparatJOD in my ooltection. 

and penetrate the dura mater, and he regards these as channels for 
the discharge of the endo-lymph from the membranous labyrinth. 
These tubes are, according to Kiidinger, completely surrounded 
by large and wide lymph sheaths, to which externally the connecting 
substance of the dura mater is closely attached. 

Considerably more difficult is the representation of the latra- 
temporal membranous tube of the aquseduct. vestibuli, which runs in 
the petrous bone. Even after having repeatedly prepared it, one 
frequently fails to discover this small tube, which, in the form of a 
Blender connective-tissue cord, passes through the densest portion of 
the petrous bone and can only be demonstrated in its continuity by 
carefully removing the bone in thin layers with small sharp chisels 
and scraping irons, Tbe work is materially facilitated if the object 
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has previously been lying for several weeks in a 10% solution of 
chromic acid, when the connective tissue enclosing the aquseduct 
contrasts, by its yellow colour, wich the surrounding bone. The 
position and direction of the small canal within the bone can also be 
made perceptible by injecting it with a coloured liquid, provided the 
intradural sac of the aqureduct can be successfully opened at its 
posterior part, so that after loosening the dura mater from the 
subjacent bone, the nozzle of a canula may be tied in the opening, 
and the injection afterwards proceeded with. A still more simple 
method of making the small membranous tube traceable in the 
bone by colouring is, according to Weber- Liel, to dip the preparation, 
with the opened intradural sac of the aquioduct, into a coloured 
liquid, and through a small opening in tho superior semicircular canal 
to aspirate the labyrinthine fluid by means of a small glass tube until 
the coloured hquid (Beale's blue) appears in it. 

Still easier is tlio preparation of the aquteduct. vestibuU on petrous 
bones which have been previously placed for two to three weeks in 
dilute chromic acid, and afterwards decalcified (see decalcifying tiuids 
in the Histological part). By removing the decalcified bone in layers 
with a flat scalpel or razor, it is possible in a short time to clear the 
entire intratemporol portion up to its discharge into the vestibule. 
For safety, it is advisable to begin the preparation at the hiat. 
aqUEeduct. vestibuU, and to continue from here along the easily- 
discernible strand of connective tissue, the removal in layers of the 
petrous mass as far as the vestibule. In such preparations, if preserved 
in spirit, the light-green connective-tissue strand of the aqueduct is 
sharply defined from the dark-green colour of the bone. 

The representation of the commencing canaliculi of the aquteduct. 
vestibuU discharging into the saccules, and which Bdttcher discovered 
by means of serial microscopical sections, is so difficult, that Zucker- 
kandl, after many attempts, only succeeded once in seeing them 
distinctly. By further improvements in the technical details of the 
methods of injecting, the difficulties of anatomical demonstration may 
he removed. 

(h) Aquaductua Cochlea: {Ductus perilympkaticus). 

The laying bare of the osseous aquteduct. cochleae, which com- 
mences with a small opening behind the groove of the fenestra rotunda 
on the lower wall of the first cochlear convolution, and terminates, at 
the edge between the posterior and inferior surfaces of the pyramid, 
with a fuimel-shaped dilatation (Fig. 105 av), is even more difficult 
than that of the aquieduct. vestibuU. 

For the preparation of the small canal on the macerated temporal 
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bone, it is here also advisable, according to the method already de- 
scribed, to colour its walls by injecting with, or by dipping in a staining 
iluid. We begin by chiselling away the bone at the above-mentioned 
fimnel-shaped outlet of the aquo?duct at the inferior edge of the 
pyramid. The exposure of the lower and wider portion of the canal 
is quickly accomplished ; much more difficult is it to trace the upper, 
Tory narrow, straight, or somewhat curved piece up to its entrance 
into the scala t3TBp., where the work must be done tnaiuly with the 
graver and finely-pointod files. 

The method of representing the aquaiduct. cochloEe on unmacerated 
temporal bones is the same as that of the preparation of the aquie- 
duct. vestibuli The colouring of the narrow tube is here also effected 
by dipping the funnel-shaped outlet in coloured liquid, and by 
aspiration from the superior semicircular canal, but caro should be 
taken to avoid injuring the membranous canal while opening the 
osseous one. According to Weber-Liel it is also possible, by aspiration 
of the air in the external meatus, to fill the scala tymp. from the 
aqunsduct. cochlete; frequently, however, this experiment proves a 
feilure, like the filling of the aqua;duct. cochleiu by injection of 
the sub-arachnoideal space, with which the perilymphatic spaces 
of the labyrinth communicate. 

Most expeditiously will it be accomplished on decalcified petrous 
bones, if the bone be removed in layers with a scalpel It is best to 
commence at the lower funnel-shaped outlet of the aquieduct, where 
the triangular, at the narrow portion tapering, fasciculus indicates the 
direction to be followed in removing tho layers of the softened bone, 
up to the embouchure of the canal into the lower scala of the cochlea. 

The representation of the aqutcducts by means of corrosion will 
be discussed in the section ' Makiug Preparations of tho Organ of 
by Corrosion.' 

1 13. PEEPAHATION OF THE BLOODVESSELS AND NERVES OF THE ORR-\N 
OF HEARING. 

PREPARATION OF THE BLOODVESSELS AND LYMPHATICS. 

Most suitable for the preparation of the bloodvessels of the organ 

r of hearing are those objects which have been injected, and in which 

the injection substance, partly by its gHmmering through, and partly 

by its filling the tube of the vessel, materially facilitates the detection 

of even the finer branches. The injection is always made on perfect 

Lakulls, in adults from the carotis communis, in children preferably 

I £rom the aorta. 

Instead of the hitherto generally used substance made of wax, with 
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the addition of turpentine, tallow, and olive-oil, the anatomical 
institutions now employ one of putty, introduced by Teichmann, with 
which the preparations are injected in the cold state. According to 
Teichmann, not only fresh objects, but also older ones, or such as have 
been kept in spirit, are suitable for injection. The composition of this 
eaaily-prepared mass being generally little known, the proportions, as 
given by Teichmann, may here be noted. 

Red Mass for injecting the Arteries ; 

Whiting .... 5.00 g. 

Vermilion .... 1.00 g, 

i linseed-oil . . 0.9-1.00 com. 



This well-triturated mass, large lumps of which may be kept in 
water, is, before being used, dissolved in 0.75 cem. of carbon bisulphide, 
and this solution slowly injected by means of special screw syringes. 
Should a large quantity of the substance be required, the proportions 
of the various ingredients, as given above, should be strictly adhered 
to. Only in those cases where the capillary vessels also ore to be 
injected is the finely-ground mass, free from grit, to be thinned by ft 
double quantity of carbon bisulphide. Capillary injections of the 
membrana tympani, of the tympanic mucous membrane, and of the 
labyrinth, it is safest to make by means of a coloured glue substance 
(Berhn blue, or carmine). If it be intended to inject also the veins 
and venous sinuses in the temporal bone, Teichmann 's blue composition, 
made up as follows, may be used : Oxide of zinc 15.00 g., ultramarine 
1.00 g., boiled linseed-oil 2.0-2.5 ccm., carbon bisulphide or sulphuric 
ether 1.00 ccm. To inject the larger lymphatic vessels, Teichmann 
recommends a yellow substance consisting of: Oxide of zinc 2.00 g., 
inspissated linseed-oil 3.0 ccm., and sulphuric ether 2.0 ccm. 

PREPARATION OF THE ARTERIE3 OP THE ORGAN OF HEARING. 
The preparation of the arteries of the external auricular region and 
of the auricle is best made with that of the arteria carotis extern, and 
its branches. After exposing, on a well-injected preparation, the 
upper part of the arteria carotis extern, and finding, below the condy- 
loid process of the inferior masilla, the place where it divides into the 
arteria maxlllaris intern, and arteria temporalis superficiaUs, the last- 
named branch, which ascends perpendicularly in front of the tragus 
in a nearly vertical direction across the root of the zygomatic arch, is 
dissected out, after which the laying bare of the rami auriculares an- 
teriores, passing from the external or posterior periphery of the 
arteria temporalis superficialis towards the auricle, is easily effected. 
Two or three inferior branches of the arteriie auriculares anteriores 
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supply the lobe, the tragus, and the anterior cartilaginous wall of the 
meatus ; several superior branches, the upper part of the helix. 
Somewhat more difficult is the preparation of the artoria auricularis 
posterior, arising from that portion of the arteria carotis extern., 
which passes through the parotid gland. To find this arterial branch 
st its point of origin, the carotis extern, should first be exposed by 
dissecting away the parotid tissue and the arteria auricular, post, 
arising behind the posterior belly of the digastric muscle, must be 
carefully prepared out. The preparation of the superior branches of 
the arteria auricularis post., ramifying on the posterior surface of the 
auricle, presents no difficulty. 

Small twigs of the arteria auricularis post, penetrate between the 
an ti tragus and the processus helicis caudatus, and through the 
vascular canals of the auricular cartilage, also to the anterior surface 
of the auricle, where the finer ramifications spread towards the superior 
and lower portions. 

By injecting the finer vessels it is also possible to trace the arteria 
Btylo-mastoid., which is given off from the arteria auricular, post., 
and which enters the foramen stylo-mastoid,, supplies the facial nerve, 
and with a small branch passes through the canahculus chordae into 
the tympanic cavity, anastomosing here with the vessels of the tym- 
panic membrane. 

The arteries of the external meatus, which in the outer portion of 
the cartilaginous part arise from the arteriic auriculares anteriores et 
posteriores, but in the deeper portion of the cartilaginous and osseous 
canal from the arteria auricularis profunda, can only be represented 
[ on such preparations whore the injection fluid has penetrated into the 
finest arterial branches. As the bloodvessels mainly run along the 
posterior superior wall, it is necessary, in order to expose them, to 
remove, on an injected preparation hardened in alcohol, the lower wall 
of the cartilaginous and osseous meatus by a horizontal cut carried as 
far as the neighbourhood of the tympanic membrane, and to take off 
the thick epidermic layer, covering the bloodvessels with a camel's- 
hair brush. If the injected fluid has also penetrated into the 
radiating vascular ramifications of the membrana tjTupani, it will be 
noticed that a strong arterial twig, running along the upper wall of 
the meatus, passes at the posterior boundary of Shrapnell's membrane 
on to the tympanic membrane, where it can be traced along the 
posterior margin of the manubrium down to the lower extremity. 

PREPARATION OF THE ARTEHIA AURICULARIS PROFUNDA. 
In order to find this artery, the masseter muscle, together with the 
zygomatic arch sawn through before and behind, must be turned down 
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towards the angle of the maxilla, the terminal division of the arteria 
carot. ext. having already been exposed by the previous preparation. 
By sawing the ramus of the lower jaw transversely through, about 
midway between the incis. semilunar, and the maxillary angle, and 
dividing the nock of the maxilla below the capitul., a piece of bone is 
made free, which is to be turned over in an upward direction, after 
the tendon of the temporal muscle has been completely cut through, 
whereby the commencing part of the arteria masilloris intern, will 
become exposed. At the posterior periphery of the last-mentioned 
artery arises the arteria auriciilaris profunda, the branches of which 
can be traced, by careful preparation, to the deeper parts of the ex- 
ternal meatus. 

The arteria tympanica, also arising &om the arteria masillsris 
intern., can only be exposed up to its entrance into the Glaserian 
fisaure, after disarticulation of the condyle of the inferior maxilla. 

PREPAHATION OF THE AUTEItlA AUDITtVA XNTEKNA, 

This takes its origin mostly from the arteria basilaris, sometimes, 
however, from the arteria ccrebelU anter. Where it arises from the 
arteria basilaris, it crosses the medulla oblongata longitudinally. 
The origin of the artery may be best seen on a brain which has 
been injected in situ and carefully taken out of the cranial cavity, 
the artery being cut through close to the porus acust int. along 
with the nerve trunks entering the latter. If, however, it be 
desired to retain it in its continuity, in order to follow it to the 
floor of the internal meatus, it is advisable, after taking away the 
roof of the skull, the cerebral hemispheres, and the entire tentorium, 
to remove the cerebellum, pons and medulla oblongata in pieces, in 
such a manner that the basilar arteries and their ramifications be 
retained on the base of the skull. The arteria auditiva int. is then 
seen passing from its origin at the base of the skull in a lateral 
direction to the meat, audit, intern. With the object of examining 
the further course of the artery towards the fundus, the sui^erior wall 
of the internal meatus is removed with chisel and forceps. For details 
we refer to the section ' Preparation of the Acoustic and Facial 
Nerves.' 

PREPARATION OF THE VEINS OF THE ORGAN OF HEARING, 

It is much more diflicult to completely inject the veins of the 
auditory apparatus than it is in the case of the arteries. It is not 
sufficient, as in the filling of the arterial system, to inject from one 
single spot, but it should be done from several points. As the vense 
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auditivEe int., which accompany tho artery of the same name, the 
veins of the labyrinth and of the tympanic cavity enter, either directly 
OP through the intervention of the meningeal veins, into the neighbour- 
ing sinuses of the dura mater (sinus petro-squamosus, petrosus 
superior, petro-bnsilaris and transversus), they are best injected from 
these sinuses. Most suitable for this purpose is a head severed from 
a very lean and anscmic subject, on which one or both venie jugulares 
communes are injected with Teichmann's blue or yellow mass. In the 
latter case, for the purpose of injecting both jugular veins simul- 
taneously, a bifurcated canula is made use of. Before the injection, 
the vertebral canal and the foramina transversaria are firmly plugged 
with cotton wool, and the stumps of the veins, appearing at the 
surface of amputation, are ligatured. Should, during the operation, 
the injection fluid ooze out at any part on the amputated surface, the 
open vessel must be twisted or ligatured. 

The veins of the external ear, injected after this method, are, 
as a rule, more or less incompletely filled, as the valves prevent 
the advance of the medium towards the periphery. By sinus injec- 
tion the veno3 auricular, post, are most rapidly filled from the 
emissarium mast. ; the vente auricular, ant. can be filled from the 
vena temporal, superficial., which must bo looked for on tho temple, 
and injected towards the centre. By this means the plexus venosus 
pterygoid, in the fossa intratemporal. is frequently also injected, and 
thence the fluid passes into the venm auricular, profunda^. Should 
the latter plexus have failed to be filled by the injection through the 
Tens3 jugular, communes et temporales superficiales, it is safest to fill 
it from the vena temporalis media. This vein is to be found above 
the zygomatic arch in the layer of fat between tho superficial and 
deep lamina of the fascia temporal., and when discovered it is cut 
into, Ugatured towards the periphery, and injected downwards. By 
injecting the vena facial, ant., which is to be looked for at the 
anterior margin of the insertion of the masseter, the plexus 
pterygoid, may, as a rule, also be filled through the vena anasto- 
motica facialis, which leads out of this plexus into the vena facialis 
aotica. 

Heads from older individuals are better adapted for the injection 
of the veins than those of younger ones, because the valves at a 
maturer age become not infrequently insufiicient, and the venous 
walls possessing greater firmness, extravasation does not so easily 
occur as in younger subjects. 

The injection of the lymphatic vessels of the external region of 
the ear is effected either by means of metallic quicksilver or with 
soluble Berlin blue. In the latter case it is preferable to make use of 
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a well-working Pravaz sjTinge with a finely pointed canulo, which is 
inserted obliquely into the corium of the concha close to the orifice 
of the ear, after which the injection is proceeded with by gradually- 
increasing pressure. The quicksilver finds its way into the interstices 
of the corium, and from here into the lymphatic vessels, The injec- 
tion will fail if the point of the canula be forced into the sub- 
cutaneous connective tissue, in which case numerous extravasations 
will occur in the meshes of the tissue. The anatomical museum of 
Paris contains several specimens of the auricle, in which the 
lymphatic vessels have been successfally injected with quicksilver, 

PREPARATION OF THE NERVES OF THE ORGAN OF HEARING. 

Preparing the nerves of the organ of hearing in the fresh state, 
when their finer branches are soft and liable to be torn, is much more 
difficult than when, by the action of some chemical agent, they have 
acquired the requisite degree of firmness and resistance. For this 
purpose Dr. Dalla Rosa, of the anatomical institute of Vienna, injects 
the head, separated from the trunk, for several days from the common 
carotids with a 0.5% aqueous solution of chromic acid, allowing 2-3 
litres of this liquid to flow daily from an irrigator, placed about IJ m. 
above the head, which after each injection is immersed in the same 
solution, the liquid being changed every day. After a few days the 
head is placed in water, which is either kept running or changed 
several times in the day, and where it is allowed to soak for two 
or three days, during which time water is also allowed to flow 
repeatedly through the carotids from the irrigator. Finally the head 
is injected by means of an irrigator with 2-3 litres of 50% alcohol, 
and, after removal of the brain, preserved for the purpose of prepara- 
tion in alcohol of the same concentration. 

PREPARATION OF THE NERVUS AURICULARIS MAGNUS. 

To represent this nerve the upper part of the platysma myoides is 
prepared. In the middle of the posterior edge of the musculus stemo- 
cleido-mastoid., the nerve comes into view, passes across the muscle 
obhquely forwards and upwards, and divides into two branches : the 
anterior ramus auricularis, and the posterior ramus mastoid. The latter 
accompanies the arteria auric, post, and radiates in the integument of 
the mastoid process and of the upper part of the auricle. The 
anterior branch passes on to the posterior surface of the lobe of the 
ear, and there gives off the cutaneous twigs for the posterior and (by 
means of perforating branches) the anterior surface of the lower half 
of the auricle, as well as for the estomal meatus. The inferior portion 



PHEPAEATION OF THE NERVUS AURICULO-TEMPOllALIS. 

of the nervus auricul. magn. Is covered bj the piatysma, aud therefore 
does not become visible until this is removed. 



PREPARATION OF THE TEMPORAL BRANCHES OF THE NEHVUS 
ALRICULO-TEMPORALIS. 

The preparation of this nerve may be commenced either with that 

of the peripheral branches on the external region of the ear, or with 
the laying bare of the central portion of the nerve. In the former 
case a vertical incision is made in the skin in front of the tragus, and 
from here the integument of the temple is dissected ofl", leaving the 
subcutaneous connective tissue in position. Thus the branch of the 
aiiriculo- temporalis, ascending above the zygomatic arch, may be 
exposed, and its smaller branches, ramifying in the integument of the 
auricle and towards the external meatus, may be followed. The 
anastomoses of the nervus auriculo-temporalis with the nerviis facialis 
are met with after dissecting away the upper part of the parotid 
gland, in the deeper layers between the maxillary joint and the 
anterior wall of the meatus, 

I PEEPARATIOS OF THE ORIGIK OP THE NERVUS AURICULO-TEMPORALIS 
AND OF THE CHORDA TYMPANL 

In order to find the origin of the nervus auriculo-temporalis, the 
.me proceeding is followed as in laying bare the arteria ma.\ill. int. 
I and the art auric, prof., passiug ofl' from it. After removal of the 
Imusculus pterygoid, ext, together with the upper half of the ramus of 
I the inferior maxilla, the third branch of the trigeminus, at its exit from 
I fche foramen ovale, is exposed. Immediately below this are found the 
I two peduncular roots of the nervus auriculo-temporalis, which have 
tbetween them the arteria mening, media before its entrance into the 
libram. spines, and which, laterally from here, unite in a single trunk, 
('.passing outwards through the upper part of the parotid gland, and 
IftBcending, between the maxillary joint and the anterior wall of the 
■meatus, above the zygomatic arch to the temple. 

The chorda tymp. may bo prepared along with the origin of the 

■uerrus auric nlo- temporalis. Should it be desired to expose the nerve 

^^m the outside, it may bo found at its exit from the Glaserian 

ssure immediately behind the fossa glenoidalis, or, what is easier, it 

lay be traced from its junction with the trunk of the nervus 

lljnguahs upwards and backwards as far as the fissura Glaseri. In 

iie same manner the preparation of the chorda tymp, can be efliactod, 

Itogether with that of the otic ganglion, in following it, as shown in 
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Fig. 108, from its anastomosis with the lingual nerve as far as the 
tympanic cavity, and thence into the facial canal 

PilEPARATIGN OF THE GANGLION OTICUM. 

The representation of the otic ganglion is one of the most difficult 
preparations. It is made from within, on a skull cut vertically into 
halves, aa the ganglion is situated on the medial side of the third 
branch of the trigeminus (Fig. lOS, go.). 

In order to make the principal trunk of this branch accessible, the 
body of the sphenoid bone, together with the basilar portion of the 
occipital bone, and the cartilaginous Eustachian tube with the levator 
palati mollis, are removed ; the tensor paiati, however, in its greater 
part, is retained. The principal trunk of the third division of the 
fifth nerve having thus been laid bare, the exposure of the ganglion 
may now begin. For this purpose, the nervus ptorygoideus intemus 
must be looked for, as it forms an important guide for finding it 
With this object, after cutting away the remainder of the tongue, the 
inner side of the musculus pterygoideus is dissected clean, and the 
nerve sought for where it enters at the upper margin of that muscle, 
following it in a central direction towards the principal trunk. By 
this proceeding, the ganglion cannot escape the notice of the dissector, 
since the central termination of the nervus pterygoideus tntemua, 
enteriag the main trunk of the nerve, pierces the ganglion. The 
preparation will make it plain that the latter lies immediately below 
the foramen ovale, and is surrounded by vascular cellular tissue. In 
dissecting this away, beginners, taking it for adipose tissue, are apt to 
remove the ganglion along with it, which makes it advisable to practise 
at first on objects hardened in alcohol. The preparatory work is carried 
out as far as the excision of the body of the spbenoid, of the pars 
basilaris, and of the Eustachian tube ; the nervus pterygoideus intemus 
remains to be exposed. After this the object is first well steeped in 
water (one to two days), next hardened in alcohol, and not until then 
should the preparation of the ganglion be commenced. 

The branches of the ganglion radiate from its anterior and posterior 
pole. Of the two posterior nerves, the inferior belongs to the tensor 
tympani ; the superior is termed nervus petrosus superficialis minor. 
The anterior branches supply the tensor palati mollis. 

The preparation of the nervus petrosus superficialis minor is effected 
from its origin at the otic ganglion through the fissura spheno-petrosa. 
Having passed through the latter, it runs laterally and parallel to the 
nervus petrosus auperficiahs major through the canaliculus tymp., at 
the superior opening of which it enters the tympanic cavity to anasto- 
mose with Jacobson's nerve. 



PREPARATION OF THE RAMUS AURIC. VAGI. 



PREPARATION OF THE RAMOS AUEICULARIS VAGI. 

The preparation of the ramus auricularis vagi is best commenced 
by exposing its peripheral portion. For this purpose, the posterior 
surface of the auricle is carefully dissected away from its insertion at 
the mastoid process, in order to find the peripheral portion, which 
runs in the stratum of connective tissue between the auricle and the 





Yta. 108. — Preparation of the otic ^nglian and the nerve bmnchuit issuing from it.~tr — 
nervuB trigemiDiiB with the gangUoD Gasseri ; go = ganglion oticum ; at' — nervtia tena. 
pkl&t. moll. ; nl = uervos levat. palat, molL ; pe — nernxa pterygoid, exl. ; pi = nervua 
pterjgoid. int. ; tp — muse tens. tjmp. ; vat =; nerrua tens, tympani ; pm = nemu 
petroms snpeif. minor ; m = nervus niitndibulBriB ; ch — ohoma tymp. : 1 = nervug 
iinguolis and its aOMtomoais with the chorda tymp., forming an acuta angle ; a = nervus 
aariciilo-Cempar. ; f — nerviu facialis ; mt — inner surface of the Tnembraaa tympani ; 
ma — proc moat. ; si — sinus tranDT^ra. ; mp = ntuBculus pterygoid, int. After a pre' 
pMatimi in the anatomical musenm of Vienna. 



} opening of the canaliculus mastoid., and enters the fissura tympanico- 
mastoidea. 

To prepare the nerve from its origin, the pars condyloidea of the 
occiput is removed, the nervus vagus then followed into the fossa 
jugularis, whore the ganglion jugulare is laid bare, when the ramus 
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auricularis vagi, passing off from behind the latter, can be searched 
for. 

The most difficult part of the preparation of this nerve is to follow. 
It consists in opening with the chisel the canalicnlus mastoid, from 
the posterior part of the fossa jugularis to the canalis Fallopii, in 
which the nerve anastomoses with the facial nerve, and from here to 
its opening at the fissura tympanico-maatoidea. The preparation of 
this nerve in its whole extent is rarely successful, oven after repeated 
attempts, and it is therefore advisable first to open the canaliculus 
mastoid, on the macerated temporal bone. 



PBEPARATION OF THE NERVTJS ACUSTICUS AMD NEBVUS FACIALIS. 

To represent the nervus ocusticus in its whole length, after removal 
of the cerebrum and dividing the tentorium eerebolli at the edge of 




Fta. 109.— View <)! thu CympKnic CBVJt; after the removsl of the tegmea tyinp. (R 
ear.)— hs = malleo-incudal artieiUfttiira ; I = maao. tens. tymp. ; a = tendon of the in 
teas, tymp., passing acroas tha tympanum ; f ^ nerv. fouulia ; i 
n = nerv. petnM. superf. major ; a, — nerv. acuaticiu ; an = n 
preparatign in my collection. 

the pyramid, the cerebellum, together with the medulla, is r^sed up a 
little, and the acoustic nerve cut through, close to its point of exit 
at the side of the medulla oblongata, along with the neighbouring 
facial nerve. Next, the upper wall of the internal meatus is removed 
with chisel and forceps as far as its tioor, then the fibrous lining of 
the canal, a continuation of the dura mater, is split, and the acoustic 
nerve, running in company with the facial, will be exposed. The 
latter, recognisable by its firmer consistence (portio dura), lies above 
the acusticus. This nerve, somewhat softer (portio mollis), divides, at 
the bottom of the meatus, into an anterior branch which enters the 
modiolus and the lower convolution of the cochlea (ramus cochlete), 
and a posterior branch, penetrating the boae between the cochlea and 
vestibule, and passing into the latter (ramus vestibuli); before ita 
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entrance it shows a, slight swelling (intumescentia ganghoformis 
Scarpse), and a small branch passes from it to the inferior ampulla. 

The preparation of the nervus facialis is carried out along with that 
of the acoustic nerve. The upper wall of the internal meatus having 
been removed, and the trunks of the two nerves exposed, as far as the 
fundus, the object is fixed in the vice, and the osseous mass situated 
above the vestibule and the cochlea cut away with the chisel (4-5 mm. in 
front of the superior semicircular canal), and that portion of the facial 
nerve, which passes transversely from within outwards through the 
petrous bone, is laid bare up to the genu nervi facialis at the boundary 
of the inner wall of the tympanic cavity. In order to prepare the 
nerve in its further course in the tympanic cavity, the pars tympanica 
et squamosa must be separated from the pyramid and the mastoid 
portion in such a manner that the posterior lower part of the pars 
tymp., lying within the foramen stylomast., remains connected with 
the pars petrosa. The preparation of the nerve, from the genu to the 
descending portion of the facial canal, is the easiest part of the work, 
as this part of the canal, with its thin, at times dehiscent osseous wall, 
projects above the niclio of the fenestra ovalis as an elevation, descend- 
ing obliquely in a direction backwards and downwards, and a slight 
pressure with a broad graver will be sufficient to remove the thui 
osseous lamella. 

Somewhat more elaborate is the exposure of the descending 
portion of the facial nerve, because it is covered by a thicker layer of 
bone, the removal of which vdth the chisel requires more time. The 
direction in which the preparation must be proceeded with is given by 
the point at the posterior tympanic wall, whore the horizontal meets 
the descending portion at an obtuse angle, and by the exit of the 
nerve from the foramen stylo-mastoideum. 

The repre-sentation of the course of the facial nerve is materially 
facilitated on decalcified petrous bones. Here it aufhces to remove in 
layers, with a scalpel, the superior wall of the internal meatus, 
simultaneously with the bone on the upper surface of the pars petrosa, 
covering the facialis, to speedily come upon the nerve. In a like 
manner its horizontal and descending piece in the tympanic cavity 
is also quickly brought to view. Such preparations, preserved in 
spirits of wine, are specially adapted for purposes of demonstration. 

Among the nerves communicating with the nervus facialis, the 
nervus petros. superf. major may be mentioned. Its preparation is 
very easy, since it occupies a groove in the dura mater, and runs, as 
described on p. 28, from the anterior angle of the temporal bone to 
the hiat canal, Fallop. on the upper surface of the pars petrosa; its 
course as far as the yenu can, therefore, be represented with pincette 
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and scalpel without further manipulation on the bone. The direction 
of ita course corresponds, as the accompanying illustration (Fig. 109) 
shows, with that of the musculus tensor tymp. 

The question as to how the anastomosis of the nervus petr. sup, 
major with the facialis takes place, has been decided by Friihwald 
(Sitzungsber. d, kais. Acad. d. Wiss. in Wien, ]S7t!, Bd. 74), who has 
shown that the facial nerve gives off fibres to the nervus petr. sup. 
major, but that, on the other hand, it receives fibres from the nervus 
petr. major. As the method of examination suggested by Friihwald 
may also be employed to demonstrate the course of other nerve 
bundles, it shall be briefly described here r The nerve to be placed in 
y5% alcohol, until it loses its natural softness, and then saturated in 
oil of turpentine. In order to destroy the connective tissue, the pre- 
paration is heated on a water-bath in 50 ccra. of a concentrated 
solution of chlorate of potash and 3J ccm. of fuming nitric acid, 
until the nerve becomes soft again. After boiling, it is to be placed 
for one or two days in distilled water, and after that in equal parts of 
a concentrated solution of tartaric acid and glycerine, which clears up 
the remaining connective tissue, leaving, however, the nerve tibres 
white. The latter are examined on a black ground of wax. 

The exposure of that portion of the chorda tympani, which runs in 
the canaliculus chorda; on the posterior tympanic wall as far as the 
facial canal, is diflicult, on account of the narrowness of the small 
furrow, and its variable position in the osseous mass behind the 
membrana tympani, especially if it bo desired to show both nerve and 
chorda in their continuity. In opening the narrow canal with the 
chisel, injury to the thread-like chorda can scarcely be avoided, and 
it is therefore laid bare more rapidly on decalcified preparations. 

In addition, a method of opening the entire facial canal on the 
macerated temporal bone, as suggested by Kiesselbach, may be 
noted. He commences the cut in a line which unites the middle of 
the hiatus aquicd. vestih. on the posterior surface of the pyramid and 
the posterior edge of the foram. stylo-mastoid., and meets the proe, 
mastoideus. The cut then passes towards the posterior margin of the 
internal meatus, and after that in a plane, which hes through the 
opening at the commencement of the facial canal and the spina supra 
meat. ; it next turns towards the upper edge of the genu facial., 
and thence in any direction through the cochlea. The surface 
of the cut anteriorly shows, besides the whole of the canalis Fallop., 
the lower part of the vestibule with the foram. o\-ale and the 
commencement of the cochlea ; posteriorly, the position of the antr. 
mast and the upper portion of the vestibule with the semicircular 
canals. 
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^^rl^. MAKING TOPOGRAPHICAL SECTIONS OF THE OKOAN OF HEARING 

^F FOR INSTRUCTION PURPOSES. 

^P For the study of the topography of the organ of hearing, in 
H^ addition to the previously described preparations, a aeries of sections 
of the entire temporal boae is required, the most important of which 
shall here be discussed. 

The topographical preparations of the ear in my collection are 
divided into: 1, sections of common preparations of the temporal 
bone, preserved in spirits of wine; 2, sections of decalcified temporal 
booesj 3, topographical sections on dry preparations. 



1 
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i(a) Tepograpkical Sections of tlie Temporal. Bom; prepared fur 
Prenei-v(Ulon in Spirilft uf Wine. 

The technical proceeding in making topographical preparations ol 
the ear, which are to be preserved in spirits of wine, is the following 
On a specimen which has been soaked in water and suHicientl} 
hardened in alcohol, the external soft parts, auricle, and cartilaginous 
meatus, are first divided by means of a sharp scalpel, in the direction 
in which the cut is to be made, if possible at one sweep flown to the 
periosteum, the cut being continued through the bone in the same 
direction with a fret-saw. On preparations where it passes through 
the membrani tympani, the latter must bo divided with a small 
pointed knife from the external meatus (under illumination with the 
mirror), and exactly in the direction of the saw-cut 

jre exact representation of the topographical position of 
the external soft parts, in their relationship to the cavities in the 
itemporal bone, is obtained by sections on frozen specimens. These 
admit of dividing the soft parts and bone with the saw in any 
direction without great difficulty, while the displacement of the 
dssues, frequently occurring in ordinary spirit preparations, is avoided. 
The freezing of the preparation may be effected either by exposing it 
to the open air during frosty weather, or by artificial means. In the 
luter case the object, simply wrapped in a piece of linen, is surrounded 
■;by a mixture of two-thirds snow or pounded ice, and one-third 
'Common salt, and allowed to stand for two or three hours in the cold 
open air, or in a cool place. The frozen sections are quickly washed, 
and immediately placed in concentrated spirit, which must be changed 
after twenty-four hours, whereby the soft parts retain their firmness 
and original positions. 

The topographical preparations of this kind most important for the 
purposes of instruction are the following : 

1, A horizontal section through the entire temporal bone, so 
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carried through the auricle that the plane of the cut coincides with 
that part of the antrum mastoid, which is situated behind the caTum. 
tymp. (Fig. 110). 

In order to Hx accurately the direction of the cut, we first remove 
the togmen tymp. and mastoid, from a temporal bone, sawn out 
in the regular way, and with the auricle in situ, so as to obtain a 
view into the antrum mastoid. Then, placing the point of one leg 
of a pair of compasses in the antrum, and the uther on a correspond- 
ing place on the concha, the spot is determined through which the 
horizontal cut is to be carried. Now, this spot on the anterior surface 
of the auricle is either in the portion of the concha bordering on the 
mastoid process, behind the upper mai^in of the external orifice, or 
what higher up, above the transverse ridge of the concha, formed 




Ftc. 110. — HoriiDiitAi i^ctinn through the teniprnil bone at 
— a = innertion of the posterior aurfice of the auricle 
meatuii audit, ext, ; kn = auction ol the trtgas and of th 
the mefttDs; ca — orum tjmpknl with the onicles ; kh 
tnD^vetsas. After a preparation in my ootlectian. 



of the antrum mutoid. 
nastoid pmoeiB ; me = 
IT caitilBiiinoiu wall of 
n mastoid. ; si = niuia 



by the continuation of the antihelix. In making such sections, 
numerous exceptions are met with, due partly to the strong arching 
forwards and outwards of the sinus transversus, partly to an 
abnormally high or low position of the auricle. 

To make these horizontal sections, the auricle is divided, at a point 
determined by the compasses, with a sharp scalpel, down to the bone 
(on frozen preparations it is sawn through). It will now be better to 
saw the bone through in the direction of the incision in the soft parts 
from behind forwards, whereby a horizontal section is obtained, on 
which, as the accompanying illustration shows, the relative positiona 
of the external and middle ear come clearly into view. To aroid 
injuring the malleus and incus while proceeding with the section, the 
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1 plane of the cut must, at the point where the antrum passes into the 

I tympanic cavity, lie a little higher. 

The horizontal section through the temporal bona here described 

I is suitable for studying the external meatus in its course from the 
orifice to the tympanic membrane. A complete representation of the 
angular curvatures of the canal is, however, only to he obtained by 
placing side by aide horizontal and frontal sections (Figs, 110 and 1 1 1). 
These further show the mode of apposition of the posterior carti- 
laginous wall of the meatus to the anterior surface of the mastoid 
process, the relationship of the anterior wall of the meatus to the 
maxillary joint, as well as that of the attachment of the posterior 




|rie. 111.— FrontiJ »«itioa through the temporul boOB.— k = upper portJin of the cartiUgo 

of the auricle ; & = insertion of the auricio in thu tcmporml region ; 1 = lobuliw ; Itn = 

oat of ths lower portion of the auricle and of the interior cartilftgin.mB wall uf the 

iu» ; o = aupetior, u = inferi..r, wall of the oswouB meatus ; i = mBmbrana tymp. ; 

c»vTim tymp. ; co = cochlea. 

I surface of the auricle to the mastoid process, which is of importance 

ID the sui^ical opening of the latter. It is only by the examination 
of such preparations that we recognise the necessity of a partial 
detachmeut of the auricle from its insertion, in order, during operative 
interference, to reach the antrum mastoid, by the shortest way. 

2. A Iroiital section through the auricle, external meatus, membrana 
tympani, tympanic cavity, and labyrinth. 

I The cut takes such a direction as to pass through the middle of the 
outer opening of the ear and through the anterior portion of the lobe. 
After dividing the auricle, fascire, and temporal muscle down to the 
bone, the incision is continued with a small scalpel through the upper 



and lower cartilagino-mombranous walls of the meatus to the union 
with its osseous portion. After this the cut is carried farther with a 
fret-saw through the upper and lower walls of the osseous meatus to 
the vicinity of the membrana tympani. To protect the latter from 
being torn by the saw, it is, under sufHcient illumination of the ex- 
ternal meatus, cut through with a small knife close in front of the 
manubrium from above downwards, and the saw-cut continued in such, 
a manner that it passes in front of the malleus towards the tympanic 
cavity and labyriutli. 

Such frontal sections (Fig. Ill) of the organ of hearing demoO' 
strate the mode of apposition of the upper parts of the auricle (k) 
to the temporal muscle, the relation of the superior membranous wall 




Fm, 112.— Sagittal section througb the temimml bone, 2 mm. inwardly from the «> 
orifice of the B«r. — g = aeclion of the cartilaginodiBnibrarous meatus ; ca = seel 
the lower wait ot tha cartilaginous groove; tna = niastoid oel!a ; n = BinUB tran 
opened ; c = section of the outer extremity of the proc. condjloid. of the inferior m 

of the meatus to the horizontal part of the squama, the direction < 
the course of the external meatus in the frontal plane, and the relatioi 
ship of its lower wall to the parotis. 

■i. A series of sagittal sections through the external meatus, ma&toid'l 
process, and masillary joint. 

It is best to use for this purpose firmly-frozen preparations, o 
which the auricle and cartilaginous meatus, as well as the aseendin] 
ramus of the inferior maxilla, have been left intact in silu. The ( 
cut (Fig. 112), 2 mm. inwardly from the external orifice, is carriedl 
through the cartilagino-membranous meatus (g), the outer part of thfti 
mastoid process (ma), and meets the outermost end of the proc. ( 
dyloideus of the ramus of the inferior maxilla (c). This section show 
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1 addition to the relative position of the maxillary joint to the meatus, 
the mode of apposition of the cartilagino-membranous meatus to the 
iM fin » 




1 

^ K* I 

Ita. 113.— Sogittal section througli the temporBl bone, 4 mm. medinlly from the yreviom 
one.— g = lumen of tha oHseouB meatiiB ; vo = its anterior wall ; mn. = mnBtoid calls ; 
 = sinOB tranavera., opened ; c ~ sectiun of Ihp proc. oondyloid. of the inferior maiilla ; 
mo = meniscus of the maxillary articalation ; fm = foan maodibuUtiB. 

anterior surface of the mastoid process. If the sinus transversus 
(s) be strongly arched outwards, it will be exposed by this cut. 

A second B^ittal cut (Fig. 113), made 4mm. medially, divides the 




rio. 114,— S«gittal sBCtioi 



through the Idmponl boni 
itoB ; sro ^ antrum mait ; c = «eciioD 
the ramus of the inferior maxilta ; me 



inner end of the ( 



osseous meatus (g), the articular fossa of the lower jaw (fin), the entire 
condyle (c), and its meniscus (me). The space between the ma.\illary 



r 

I 



152 FRONTAL SECTION THROUGH BASE OF SKULL AND EUST. TUBES. 

joint, the auditory meatus, and mastoid process is occupied by parotis 
and adipose tissue. Besides the exceedingly variable number of the 
mastoid cells, there are frequently found on this section the outermost 
space of the antr. mastoid, (ma), and a considerable gap in the sinus 



Lastly, a third sagittal aectiou through the osseous meatus, imme- 
diately in front of the upper pole of the mombrana tympani (Fig. 114), 
shows, besides the elliptical opening of the section of the osseous 
meatus (g), the transverse section of the inner extremity of the proc. 
condyloideus of the inferior maxilla, with the articular fossa (fm), the 
meniscus (me), and, behind, the transverse section of the antr. mas- 
toid, (am) in its greatest extent. 

4. A frontal section through the skull, to show the relative posi. 
tion of the two cartilaginous Eustachian tubes at the base of the 
skuU. 

Most suitable for this is a tirmly frozen head, which, while in the 
normal position, is sawn through in a frontal plane, passing through 
both oval windows. The posterior view of this section (Fig. 115) 
shows the middle portion of the naso-p Laryngeal space (H), on the 
lateral wall of which the medial plate of the cartilage of the tube (t), 
is symmetrically placed. The latter, standing obliquely to the base of 
the skull, and connected with the basilar fibro- car tillage (f), is bent in 
an upward direction, and forms the lateral cartilage hook (h h'), which 
roo& over the slit of the tube (sp sp'), directed almost perpendicularly 
downwards. In addition to this view of the Eustachian tubes, the 
section shows the topographical position of the tensor (ts) and levator 
(I) palati mollis, of the m. pterygoid, int. (pi) et ext. (pe). As a 
matter of course the aspect of this section of the lube and the size of 
the slit will vary according to whether the plane of the cut approaches 
the ostium pharyng. or the ost. tymp. 

In order, therefore, to obtain a clear representation of the section 
of the tube, it is advisable to cariy at least three parallel frontal cuts 
through the base of the skull, so that the first falls immediately behind 
the ostium pharyng. tubiE, while the second passes through the 
cartilaginous tubes in the plane of the foramen ovale, and the third, 
4-5 mm. further back, in a frontal direction through the osseous tubes. 

5. A frontal section through the entire skull and brain in tho 
frontal plane of the two external auditory canals. 

The favourable results recently obtained by Thomas Barr and 
William McEwen, of Glasgow, in their operative treatment of otitic 
cerebral abscesses, must be regarded as a fresh and most important 
advance in dealing with dangerous allections of the ear. 

For such operations, an accurate knowledge of the topographical 
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relations of those parts of the brain, which are situated above the 
external meatus and the middle ear, is therefore of the gruatest 
importance. 

\V'ith the object of ascertaining the extent and size of the temporal 
lobe, in wliich cerebral abscesses most frequently have their seat, the 
■whole sktiU and brain must be so divided in a frontal direction that 
the plane of the section passes on both sides through the external 
meatus and the tegmen tymp. For this purpose it is preferable to 
use the entire head of a middle-aged individual, which, if there be no 




I Tro. 115.— FronUlHection throughafroEen akiiUot the level of thetwofnrojn.ijval. (Two- 
third* odtsnatunleiu.)— f = Bbro-cartilai^obaBlUria ; p= wctidD of the medial cactUige 
~ te 1 b = lateral cartilage liuok of the Eustachiao tube ; a - iUit-like openinK of the 
tubs ; 1 - necCion of the intisc. levat. pnJat mollis ; t = seotiaa of the muac. teDBor. polat. 
moUiB; j>a = muHG. pterygoid, extern.; pi pi' = muBC pterygoid, intern.; t^ pftlat. 
Ue ; I = tongue. 



I frost, is made to freeze in a mixture consisting of two-thirds snow or 
' pounded ice, and one-third common salt. In from eight to ten hours 
the whole head will be so firmly frozen that it can be sawn through 
with an ordinary joiner's saw, while the brain retains its original 
portion in the skull. In order not to miss the direction of the cut, it 
ia well to mark it on the vertex of the head, after the hair has been 
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removed, by a frontal iocision passing from the outer opening of one 
ear to that of the other. 

When this cut has been made, a second one is carried through the 
skull 2-2i cm. behind, and parallel to the first, for the purpose of 
reducing the bulk of the object for preservation. The bone-dust 
adhering to the surface is scraped off with a long knife, the preparation 
quickly washed in iced water, and immediately placed in concentrated 
alcohol. After twenty-four hours it is transferred to fresh concen- 
trated spirit, in which the object, now quite freed from water, retains 
its firm consistency. Commonly, this method of preparation results 
in the shrinking of the brain in tofo, caused by the action of the 
alcohol. As, thereby, its various parts are drawn somewhat towards 
the middle, this should be taken into account when estimating the 
topographical position of the different portions of the temporal lobe as 
regards their relationship to the organ of hearing. 

Topographical sections of the brain may also be made on heads 
hardened in alcohol, tlie use of the saw, however, being inadmissible. 
The proceeding is the following : As in the anatomical opening of the 
cxanial cavity, the roof of the skull is sawn through from one auricle 
to the other, in the plane before mentioned, down to the dura mater ; 
this is then divided in the direction of the saw-cut with a long, thin, 
and sharp knife from above downwards to the base of the skull, and 
finally the cut completed through the latter with a tine saw. 

A clear representation of the more exact topographical relations 
of the temporal lobe to the temporal bone is obtained by making 
several parallel frontal cuts through the entire skull, the most anterior 
of which passes through the apex of the pyramid, the middle one 
through the tympanic cavity, and the posterior one through the 
antrum mastoid. The accompanying illustration (Fig. IIC) is taken 
from a preparation in which, on the left side, tbc external meatus and 
tympanic cavity, on the right side the antrum mastoid, and the 
posterior portion of the vestibule with the semicircular canals, were 
met. We notice in this section, above the osseous meatus, the gyrus 
inferior (gi) of the temporal lobe, which is conspicuous at the transition 
of the squama into the horizontal portion of the middle cranial fossa, 
by a strongly- marked impressio digitata. Fartlier inwards, corre- 
sponding to the tympanic cavity (t), are situated the most anterior 
portions of the gyrus fusiformis (the gyrus lying between gi and fh), 
which in part extends beyond the labyrinth and receives a deep 
impression (impressio petrosa) through the emtnentia arcuata of the 
upper surface of the pyramid. Finally, with tho medial and most 
anterior portion of the pyramid corresponds the gyrus hippocampi (ghj, 
which laterally adjoins the tentorium cerebelli. 
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To reach otitic cerebral abscesses by operation, it is of importance 
to know the diameters of the temporal lobo above the middle ear, and 
measurements noted by me on several preparations are given below. 
According to these, iho transverse diameter of the temporal lobe 
immediately above the external meatus, that is, from the lateral edge 
of the cerebral hemisphere to the medial border of the gyrus hippo- 
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campi, amoimta to .i cm. The breadth of a section of the brain made 
4 cm. higher, namely, on a level with the fissur. tempor, sup. from the 
external surface of the temporal lobe to the third ventricle, i 
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(i-Gi cm. The transverse diameter of the hemisphere on a level with 
the fissura Sylvii to the lateral ventricle amounts to 5 cm. The height 
of the temporal lobe above the tympanic cavity measures 4-4^ cm., 
that of the tern poro- parietal lobe 7-7^ cm. 



{b) Topographical Sections of the Organ of Hearing on Decalcified 
Temporal Bones. 

This method of preparation offers such great advantages for the 
study of the topography of the organ of hearing, as to make it a 
matter of surprise that, up to the present, it has not been in use to a 
greater extent in the anatomical institutions. For the decalcification 
of the entire temporal bone, either 5-10% hydrochloric acid, or a 
mixture consisting of 100 parts water, 3^% nitric acid, and ^% common 
salt may be used. Tho quantity of the fluid necessary for uniform 
decalcification of one or two temporal bones varies from 1-lJ litres, 
and must bo renewed at least every second day. The process, which 
occupies two to three weeks, may be considered complete if a needle, 
thrust into the pyramid behind and below the portis acusL int., does 
not meet with any resistance (Moos), The decalcified preparation, 
when freed from any acid remaining in it, either by placing it for 
several hours under a stream of water, or in a weak alkaline solution, 
is finally soaked for several weeks in -iO-(J0% alcohol for the purpose 
of hardening it. If placed in rectified spirit, the decalcitied bone 
becomes, after a short time, so hard that it can only be cut through 
imperfectly and with great difficulty. 

Sections may now bo made, without any further preparation, on 
decalcified objects taken direct out of the spirit, or on such as have 
been decalcitied and saturated with celioidin. The latter method (see 
' Celioidin Kmbodding ' in the Histological part) is especially suitable 
when, on the topographical section, the vestibular saccules, the 
atiipullic, semicircular canals, and membranous cochlea are to be 
retained in their positions. Where tho celioidin, on a section, inter- 
fores with the clearness of the details, it may be dissolved by placing 
it in a mixture of alcohol and ether. With careful handling, the 
structures of the labyrinth do not sufl'er thereby any change of 
position, particularly if, before decalcification, the preparation had 
been placed in a tsuitable fixing and hardening fluid. (Compare the 
section 'Preparatory Methods' in the Histological part.) 

In making sections on decalcified temporal bones, a long, narrow, 
flat knife is used, with which, if the cut is to be made in one 
plane only, the incision, where possible, is carried through the pre- 
paration at one sweep, the direction of the cut having been previously 
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marked. On preparations, however, where various parts of the organ 
not lying in one plane are to be brought into view, the cut must be 
made at intervals. 

It would lead too far to enumerate all the sections that might 
possibly be made on decalcified temporal bones. It need here only 
be noted that, both on frontal and horizontal sections through tho 
entire temporal bono, the topographical position of the various parts 
of the auditory organ can, in many respects, be brought much more 
clearly into view than on frozen preparations. Thus, while in the 
sawing through of temporal bones which have not been decalcified, 
the membrana tympani may frequently be injured, the ossicula dis- 
located, and the labyrinthine structures destroyed, the cut can, on 
decalcified preparations, be made in any plane passing through the 
tympanic membrane, ossicles and labyrinth, without running the risk of 
injuring important structures, and thus spoiling the anatomical picture. 
As especially instructive preparations of this kind we here mention : 

1. Three horizontal sections through the temporal bono, the first 
of which passes through the upper wall of the osseous meatus, the 
upper tympanic space, the malleo-incudal articulation, the upper 
periphery of tho cochlea, and the superior semicircular canal. The 
second, somewhat lower, passes through the external meatus, imme- 
diately below its superior osseous wall, divides the malleus above its 
short process and above the insertion of the tendon of the tensor 
tymp., meets the cochlea in its greatest diameter, and opens the upper 
part of the vestibule. The third cut, lower still, lies in tlie axis of the 
osseous meatus, divides the inferior extremity of the manubrium, the 
incudo-stapedial connection, and the foot-plate of the stapes in tho 
fenestra ovalis, meets the lower segment of the cochlea, and lays bare 
the vestibule in its greatest circumference. 

2. Two or three frontal sections, the most anterior of which passes 
through the front of the tympanic cavity, immediately behind the 
ostium tympanicum tuba:, and divides the cochlea nearly in its axis. 
The second, lying li-i mm, behind, is best made at that spot where 
the umbo of the tympanic membrane approaches most closely the 
wall of the promontory. Particularly instructive is the frontal cut 
made in this region, if it passes exactly through the longitudinal axis 
of the malleus, which is thus divided from its head to the umbo into 
halves. Such sections give a general idea of the height and breadth of 
the tympanic cavity, the relative curvature of the membrana tympani 
and of the promontorial wall, as well as of the position of the ossicula 
in the tympanic space. A third frontal cut, 2-2^ mm. behind the 
second, meets the posterior segment of the tympanic membrane, the 
body of the incus and its long process, crosses tho niches of the oidlV 
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itnd round windows, and exposes the posterior wall of the vestibule in 
its entire extent. 

3. A frontal section through the membrnna tympani in its con- 
nection with the malleus and incus, but detached from the pymmid 
for the demonstration of the relative positions of yhrapnell's mem- 
brane, of the system of cavities, situated between the malleus and 
incus and the lateral niche of the external tympanic wall, as well as 
of the ligamentous apparatus of the malleus and incus (see Fig. 69, 
p. S6), (For the more detailed method of preparation of this region 
see pp. «6 and 87.) 

Two horizontal sections, the first of which divides the malleus and 
incus in a plane lying through the short process of the incus and the 
ligamentum mallei anterius, tlie second, somewhat lower, meeting the 
malleus and incus above the short process of the former, are indispen- 
sable as supplementary preparations for the study of the anatomical 
relations of this, in a pathological respect, so important region. 

4. A series of horizontal and vertical sections through the pyramid. 
first decalcified, then dehydrated in alcohol, and embedded in celloidin, 
in order to show the topographical positions of the saccules, ampullie, 
and semicircular canals, as well as of the membranous cochlea. As 
regards the direction to be observed while making these cuts, we 
refer to the former chapter, ' Preparation of the Membranous Laby- 
rinth,' p. 127. 

(c) Preparation of Tt>pog-ra,ph.i.cal Secilona of the Orijan of Ilearimj 
by the Dry Process. 

To make dry preparations of the organ of hearing, specimens pre- 
served in spirits of wine are made use of, which are dried at an 
ordinary temperature in a drying apparatus, provided with several air- 
holes and protected from dust. This applies only to those prepara- 
tions from which, with the exception of the membrana tympani, tho 
intra- tympanic muscles, and the labyrinthine fenestrte, all the soft 
parts have been removed. Since, by the drying of the object, the 
membrana tympani becomes very easily fissured, it should, while still 
moist, be brushed over with a mixture of sublimate glycerine (3 parts 
glycerine, 7 parts water, 0.(H corrosive sublimate). By this means the 
membrane retains its pliancy, and by the addition of the sublimate it 
is preserved from being destroyed by the larva; of insects. 

With objects, however, where the soft parts — cartilage of the ear, 
cartilaginous meatus. Eustachian tube with its muscles, and the dura 
mater — are to be retained on the preparation, it should, after I'rofessor 
Laskowski's excellent method, be saturated in a b"/^ solution of car- 
bolized glycerine, then dried and sawu. 
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Of the topographical preparations of the orgiin of hearing the 
rollowiDg sections are suitable for the purposes of study and demon- 
stration : 

1. A preparation on which the external surface of the membrana 
tyiopani, the anterior aspect of the tympanic cavity with the ossicular 
chain and the tendon of the tensor tyrap., the vestibule, and internal 
auditory meatus are represented (Fig. 117). Tin; mode of preparin;; 
is as follows : 

After removal of the anterior, and in part also of the inferior osseous 
wall of the meatus, according to the method already described 
(p. oH). a frontal cut is made by means of the fret-saw through the 
middle of the superior wall of the osseous meatus, up to the vicinity 
of the tympanic membrane. Here the cut turns forwards and slightly 
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downwards, and encircles the anterior peripliery of the membrane 
1-lJ mm. in front of tlie suieua tymp., as far as tlie inferior wall of tlie 
tympamc cavity. By remoring tliis piece of the external waU of the 
osseous Eustachian tube only an imperfect view into the tympanum is 
obtained. To lay bare its middle portion, together with the ossicidar 
chain, the tcgmen tymp. (tg) is cut through in a frontal direction im- 
mediately in Iroal of the tendon of the tensor tymp., stretched trans. 
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Tersely, and the saw-cut continued from here in front of the fenestra 
ovftlis, through the vestibule (v) and the internal meatus (mi). 

2. Equally instructive, especially for studying the mutual relations 
of the curvature of the membrana tympani and of the promontory, 
are preparations on which (Fig. IIS), after frontally dividing the 
superior and inferior osseous walls of the meatus, the tympanic mem- 
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brane is cut with a narrow, sharp knife immediately in front of the 
handle of the malleus down to its lower periphery, the course of the 
cut taking the same direction through the tympanic cavity and the 
labyrinth as in the preceding case. 

3. A horizontal cut through the external meatus, tympanic cavity 
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and labyrinth (Fig. 119). It runs in the external meatus just above 
iu axis, meets the tympanic membrane (c) 2 mm. above the umbo, 
separates the manubrium and the lowest extremity of the long process 
of the incus, and proceeds through the labyrinth so as to open the 
vestibule (v) above the fenestra ovalis, and to expose the cochlea (hi 
with the modiolus and the membrana spiralis. 
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4. A horizontal section, on which the tj-mponic cavity and the 
labyrinth are laid bare from below (Fig. 120). After exposing the 
externa] surface of the tympanic membrane by removal of the anterior 
and lower walls of the meatus, the anterior wall and the Hoor of the 
tympanum are carefully broken away with the forceps ; a cut is then 
made with the finest fret-saw round ihe lower and anterior periphery 
of the osseous frame of the tympanic membrane, the outer and inner 
surfaces of which become thus open to unobstructed examination. 
After this the pyramid is divided by a horizontal cut, which com- 
mences at the lower wall of the internal meatus, and terminates im- 
mediately below the fenestra ovahs at the inner wall of the tj'mpanic 
cavity. By taking away the lower half of the pyramid, a general view 

k 
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collection. 

18 obtained of the relative positions of the ossicles in the tympanic 
cavity, especially of the curvature of the membrana tympani, of the 
inclination of the lower extremity of the manubrium towards the inner 
tympanic wall, and of the incudo-stapedial connection. 

5. A frontal cut, which meets the innermost portion of the osseous 
meatus, the posterior part of the membrana tympani and of the tym- 
panic cavity (Fig, 121), Such sections show, on their posterior surface, 
the position of the antrum mastoid, (an) in relation to the posterior 
superior wall of the meatus, and on their anterior surface the relative 
position of the membrana tympani and the inner portion of the 
osseous meatus. They, moreover, enable us to obtain a 'clear view 
into the tympanum from behind, in which the topographical position 
of the ossicular chain, and the niches of the oval and round windows 
may be noticed. 

Sections of dry preparations, in which the membrana tympani and 
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the ossicula are cut through, must be made with the finest saws, on 
objects which have been hardened in alcohol, and afterwards 
thoroughly dried. I possess a. number of preparations of this class, 
in some of which the malleus and incus, others in which the mem- 
brana tympani, the manubrium and the long process of the incus, 
have been sawn through without the slightest dislocation of the small 
bones. On wet preparations, or such as were saturated with glycerine, 
the ossicles are nearly always dislocated in the sawing. 

6. A horizontal section, on which the external surface of the 
membrana tympani, the tympanic cavity with the ossicula, the 
tendon of the tensor tympani, the vestibule, superior semicircular 
canal (cs), the cochlea (co), and the internal meatus, come clearly 
into view (Fig. 122). 

The proceeding is as follows i First the tympanic membrane with 
its osseous frame is laid bare in the way indicated sub 1. of this 
section ; then the tegmen tymp. is broken away with the forceps, and 
the cavity of the labyrinth opened with a fine fret-saw in the follow- 
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the cut commences at a point vertically above the 
eminentia arcuata, and takes a frontal direction corresponding to the 
superior semicircular canal, advances downwards, with a very slight 
curve forward, to the level of the internal meatus and the tendon of 
the tensor tymp. Here it passes at nearly a right angle forward, to 
divide the pyramid horizontally up to its apex, \\'ith some practice 
it is possible, by these combined cuts, to represent the whole of the 
superior semicircular canal (ca) with its ampuUary dilatation, the 
vestibule, the internal meatus with the nervus acusticus (na) and the 
cochlea {co}. 

An instructive topographical preparation ia obtained if, after laying 
bare the membrana tympani and ossicula in the manner already da- 
scribed (sub 1 and 6), the pyramid be cut through in a perpendicular 
direction corresponding to its long axis. If the cut bo carried parallel 



TOPOOBAPHICAL DRY PREPABATIONS. 



163 



with the inner wall of the tympanic cavity through the middle of the 
vestibule, the lateral surface of the section presents the already de- 
scribed aspect of the ostemal wall of the labyrinth, together with the 
inner surface of the footplate of the stapes, the commencing portion of 
the lamina spiralis, and, towards the front, the cochlea divided perpen- 
dicularly to its axis. 

7. Very instructive for the topography of the organ of hearing are 
preparations on which, as the accompanying illustration (Fig. 123) 
shows, the membrana tympani, the ossicular chain with the tensor 
tendon, and the osseous labyrinth have been prepared out in one 
piece. The preparation of such objects is most difficult, as special 
manual dexterity and practice are required in order to cut out from 
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the hard mass of the temporal bone of an adult the osseous semi- 
circular canals and the capsule of the cochlea, without injuring at the 
same time the ossicles and the tympanic membrane. Working at the 
rate of two hours per day, it requires about a fortnight to complete 
one of these preparations. 

A detailed description of the proceeding appears superfluous after 
what has been previously stated, since the preparation of the membrana 
tympani and tympanic cavity is the same as that described sub 5 
and 6. This applies also to the preparation of the osseous labyrinth, 
respecting which we refer to the section under that heading (p. 115), 
The greatest difficulty is met with in laying bare the horizontal semi- 
circular canal and the posterior portion of the cochlear convolutions, as 

11—2 
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the work on the exceedingly brittle bone has to be carried out with 
us and files, constantly moving backwards and forwards in close 
(nity to the tympanic membrane, which will be destroyed by the 
hlipping of the instruments. 

V. Topographical preparations to show the inclination of the 
membrana tympani and the relative position of the Eustachian 
tubes. 

On a skull from which the calvaria and the brain have been 
removed, the two pyramids are prepared out from the base of the 
skull in the manner described at p. 15, the tendon of the tensor 
tympani and the incudo-stapedia! articulation having previously been 
divided from the upper tympanic space. The view of the inner 
surfaces of both tympanic membranes, now exposed on either side, 
gives a clear idea of their strong inclination to the horizontal. With 
the object of representing in the same preparation the position of the 
Eustachian tubes in the skull, and their relation to the tympanic 
cavity, those portions of the great wing of the sphenoid lone covering 
the cartilaginous Eustachian tubes, and the proc. pterygoid, are re- 
moved with chisel and forceps after the manner described on pp. 71 
and 72, and the canal of the tube is then split longitudinally (p. 104). 

Another method of demonstrating the position of the Eustachian 
tube in the skull consists in cutting the latter into halves in 
a sagittal direction, removing the inferior masilla while leaving the 
septum narium intact ; after which the tympanic membrane is laid 
bare by taking away the anterior lower wall of the meatus. The 
cartilagino-membronous lube is then prepared out of the surrounding 
parts in the following manner: A wooden cone, 3-4 cm. long, and 
running to a point, is pushed forward through the ost. pharyng. tubii" 
towards the narrowest part of the canal, in order, during the work of 
preparation, to allow the position of the latter to be recognised, and to 
avoid injuring its membranous portion. I-eaving now the membranous 
tube in connection with the lateral choanal wall, all the adipose and 
muscular tissue lying round it, as also part of the basilar fibro- 
cartilftge, are cut away with scalpel and scissors up to its union with 
the osseous tube, the whole tube being thereby exposed on all 
sides. 

Mention might here be made of the mode of preparing some 
anatomical objects which are of importance for otoscopy, 

1. A preparation, on which the osseous meatus in connection 
with the raembrani tympani is preparedout of the temporal bone in the 
form of a tube. For this purpose the tympanic membrane is cut out 
with a fine fret-saw from the pars tyrapanica et squamosa on a moist 
or dry preparation which, after the removal of its soft parts, has been 
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thoroughly washed and then dehydrated by immersing it in alcohol 
As the thin anterior wall of the meatus is merely bounded by soft 
structures, the saw-cut need only be carried round the upper posterior 
and lower wall of the meatus. Such preparations serve for the 
superficial representation of the inclination of the membrana tympani 
to the axis of the osseous meatus, both for purposes of instruction, 
and for the study of the relationship of the different walls of the 
auditory canal to the tympanic membrane, which have to be considered 
when foreign bodies are to be removed from it. 

2. An entire temporal bone, on which the soft parts are removed 
by maceration, the membrana tympani being retained intact For 
this purpose, the fresh temporal bone, as it is taken from the body, 
according to the method recommended by Schwabach,* is placed in a 




ho = posterior auparioc quadrant ; bii = postBtior inferior ijundrant ; r = oidie of tbe 
feDeBtra rotunds. 

6-8^ solution of caustic potash (Partsch's method of maceration), and 
the fluid, at first, renewed daily. In the ordinary temperature of a 
room the whole of the soft parts on the bone are in a short space of 
time destroyed by maceration, while the membrana tympani resists 
the action of the potash in the degree of concentration above 
mentioned, and remains intact on the macerated temporal bone. On 
specimens thus dried the membrane appears almost exactly as during 
life, and is, therefore, specially suitable for purposes of demonstration, 
previous to practising the examination of the membrane in the Hving 
subject 

3. A preparation to represent the topographical relationship of the 
membrana tympani to the inner wall of the tympanic cavity. 

The process consists simply in cutting out the membrane, without 
at the same time dislocating the malleus and incus. With sufficient 
illumination from the reflecting mirror, the upper periphery of the 
membrane is first detached from its insertion by means of a sharp-pointed 
knife; then two incisions are made in front of, and below the 
- CeatralblatC fiir niedicml.cbe WisauDBCb. 1S65, Nr. Zt. 
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manubrium do\vn to its lower extremity, and finally a cut is carried 
round its entire periphery. Any portions of the membrane left 
behind ure singed off with a red-hot piece of wire (Fig. 124). A 
glance into the tympanic cavity shows, in projection, the image of the 
inner wall, in its relation to the membrana tympani, acquaintance 
with which is of such importance, both in estimating the pathological 
appearance of the membrane, and when operating on this part, or in 
the tympanum. In order to obtain a general idea of the position of 
the various portions of the membrane in relation to the inner 
tympanic wall, the plane of the former is divided into four segments, 
by continuing the line of direction of the manubrium downwards, 
this line being crossed by another horizontal one, which touches the 
lower extremity of the handle. 

Examining the membrane while the head is in the normal position 
we find, corresponding to the anterior superior quadrant (vo) of the 
membrane, the anterior superior portion of the inner tympanic wall 
bordering on the ostium tymp. tubic (rarely only is part of the 
canalis pro tensore tymp. visible) ; corresponding to the anterior 
inferior quadrant (vu), the anterior inferior portion of the inner 
tympanic wall bordering on the ost. tymp. tubie, and part of the 
ridged lower and anterior tympanic wall ; corresponJing to the 
posterior superior quadrant (ho), above, the incudo-stapedial articula- 
tion, and behind this the apes of the eminentia staped., with the 
tendon of the stapes ; below that, the major part of the upper portion 
of the niche of the fenestra rotunda (r) ; and corresponding to the 
posterior inferior quadrant (hu), above, the minor inferior portion of 
the niche of the round window (r), and below, part of the ridged lower 
wall of the tympanum. 

As regards the making of topographical sections on pathologico- 
anatomical preparations we must, in order to avoid repetition, refer to 
the methods of preparing such specimens of the organ of hearing de- 
scribed on p. 51 and following. It should, however, be observed that 
the practice, still in use in many anatomical institutions, of sawing the 
temporal bone through, in all cases of fatal middle car suppurations 
without previous careful examination of the external and middle ear, 
is altogether objectionable, because, in doing so, not only are the soft 
structures destroyed, but the examination of the labyrinth, on account 
of its being filled with bone dust, is rendered impossible. Only in 
rare cases, particularly in necrosis of tlie pyramid, does it appear 
advisable to lay bare, by a corresponding cut with the saw, the breach 
in the bone leading from the temporal bone into the cranial cavity, 
whereby the extent of the disease in the interior of the petrous bone 
will be more clearly noticed. In caries and necrosis of the temporal 
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MAKINO PBEPARATIONS OP THE OBQAH OP BEARING BT CORROSION. 

Frepakations of the organ of hearing by corrosion form a material 
aid for the study of its anatomy. The three divisions being made up 
of cavities of more or less complicated shape, we obtain, by corrosion 
preparations, a far more precise notion of the actual form and extent 
of the external, middle, and internal ear than on sections carried 
in various directions through the macerated or iinmacerated temporal 
bona Of still greater importance is this method of preparation for the 
study of the topographical positions of the various parts of the oi^an 
of hearing, and of their relationship to one another. A good view 
as to the extent, especially of the pneumatic cavities of the middle 
ear, of their connection with one another, and their relationship to 
the external and inner ear and to the large neighbouring vossvls, etc.. 
con in general only be gained in this way. It is only by representing 
these spaces in the solid that the significance of thoir so froquently 
occurring inflammatory affections can be brought into the fill! light, 
Hiatorical. — The first attempts to produce preparations of tlie our 



IT 



168 



COBBOSIO;^ PREPAIUTIONS OF THE OBQAK OF HEABIHO. 



by corrosion were limited to tbe internal ear, and date from the second 
decennium of our century. According to Bezold, the first casts La 
wax of the osseous labyrinth appear to have been made by the 
Toterinary surgeon Gerber at A. Meckel's suggestion* Hyrtl {Medi- 
ciniache Jahrbucker, IS73) saw in Meckel's museum at Halle and at 
Valentin's in Berne casts of tbe labyrinth. Also Ilg gives in his work 
on the structure of the cochlea an illustration of a metal cast of it. 
But it was HjTtl who first employed tbe method of corrosion on a 
large scale for the study of the comparative anatomy of the osseous 
labyrinth of vertebrate animals, the results of which he has 
embodied in his celebrated work, copiously illustrated, ' Vergleichend- 
anatomische Untersuchungen iiber das innere Gehororgan ; Prag, 
1845.' Riidinger, too, in his atlas of the organ of hearing, has 
illustrations of casts of the labyrinth. According to Sapolini (III. 
Otological Congress at Bale, 1S84), there are in the Anatomical 
Museum of Turin very fine motalUc casts of the labyrinth, the work 
of Professor Tommasi. 

Interest for this method of preparation of the external and middle 
ear does not seem to have been awakened among anatomists until 
later. For although Sommering in 1806, in his anatomical illus- 
trations of the organ of hearing, shows a cast of the auricle and 
external meatus, the first preparations of the middle ear by corrosion 
are to be found in Hyrtl's work, ' Die Corrosionsanatomie und ihre 
Ergebnisse, 1873,' in which he gives a description, accompanied by 
several illustrations, of corrosion preparations of the middle ear. 

To Bezold belongs the merit of having elaborated this method 
in oil its directions, and of having, in his treatise ' Die Corrosions- 
anatomie des Ohres, mit 6 Tafeln in Lichtdruck, Jliinchen, 1882,' 
utilized it for the study of anatomy and for practical otology. 
Referring, as regards the description of the anatomical details 
obtained through this method, to the excellent work alluded to, we 
hero propose to discuss merely its technical side. 

Preparations of the ear by corrosion are made either on macerated 
temporal bones (dry corrosion) or on fresh preparations (soft-part 
preparations). 

For the purpose of anatomical study, both kinds of representation 
are indispensable. Soft-part corrosion preparations allow us to see 
at one glance the upper spaces of the middle ear, the cartilaginous 
and osseous Eustachian tube, tympanic cavity, aditus ad antrum, 
antriun, as well as the commencement of the pneumatic cells, and, 
by simultaneous representation of the external ear, the relative 
position of the ono to the other. Preparations of the bone by 
' Archi* fur Aiutomie und FbjBiologie tod Meckel, Jabrguig 1827. 



BONE COVCROaiOS FREPAKATIONS. 169 

corrosion, on the other hand, bring into representation the entire 
system of pneumatic spaces in connection not only with tbe osseous 
meatus auditor, ext., but also with the labyrinth, the aquaiducts, and 
the large vessels. 

1. BONE-CORROSION PREPARATIONS. 

To prepare the macerated temporal bone by corrosion, a thoroughly 
dried specimen, free from all remains of soft parts, should be chosen. 
In order to destroy any portions of tissue still remaining behind in 
the inner spaces of the temporal bone, and which often prove an 
obstacle to successful corrosion, the bone is left for several hours in 
a 5% solution of caustic potash heated to 60" ; it is then washed in 
dean water and thoroughly dried, after a vigorous use of the syringe. 

Before placing the temporal bone in the corrosion medium, a 
needle is pushed through the internal meatus, tho vestibule, and 
fenestra ovalia, aa far as the external meatus, for tho purpose of 
keeping the various portions of the cavities in the temporal bone in 
close connection, two short needles being so inserted as to pass from 
the sulcus transversus through the mastoid cells. When the substance 
. has hardened, these needles are cut level with it, but not removed, in 
order to preserve the connection between the cast of the sulcus trans- 
versus and that of the inner cavities of the temporal bone. To 
facihtate tho escape of air from the labyrinthine cavity, it is 
recommended to make a small opening in Che superior semicircular 
canal. 

(a) CoiToaion Preparationa hy ihe Medium of a Compound of Wax 
and Resin. 

The perfectly-dried temporal bones are boiled in a melted mass 
consisting of four parts of resin and one part of wax, until tho air 
has escaped from all the cavities. To uniformly colour the corrosion 
substance, either ultramarine, minium, or any other pigment is added, 
which has been previously triturated with a small quantity of copaiba 
balsam (Rijdinger). By the addition of the latter the mass also loses 
some of its brittleness. 

The liquid having hardened, the wax covering the outer surface 
of the preparation is removed by scraping it with a heated knife, and 
the object placed in concentrated hydrochloric acid, in which the 
bone is more or less rapidly destroyed. 

To retain the aquieductus vestibuli, a bridge of the medium is 
left between its orifice at tho posterior wall of the pyramid (Fig. 105, 
p. 131) and the mass lying in the sulcus transversus. It is also 
advisable to leave a quantity of the corrosion medium adheruig to the 
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lower wall of the pyramid, which, during the work of preparation, 
serves as a firm and convenient handle. 

Temporal bones of new-born infants, or of children during the 
first year of life, are corroded in C-8 days, while bones of adults 
must be exposed for two or three weeks longer, to the action of 
the hydrochloric acid, to destroy any portion of bone adhering to the 
preparation. 

When the maceration ia completed, friable bits of the destroyed 
bone will be found in the depressions of the preparation. If an 
attempt be made to remove them with pincettes or needles, the more 
delicate parts of the specimen are broken off, whereby its scientific 
value is diminished. In order, therefore, to obtain an object as 
perfect as possible, the hydroclilorie acid is carefully poured off, and 
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Fto. 125.— Corrogion preparation of the macerated temporal bone of on adult, nutde accord- 
ing to the wax and redo prooesB ; outer aspect, seen from the front. (Left ear.)— m = 
external meatus, with the lulciiH tirmp. ; o = cavum tymp. and antr. maatoid. ; w w' = 
maatuid cells ; t — cB«t of thu caoalis pro tens. t;mp. ; f = cannlis faciali* ; a — canalia 
aemicircnl. aupet. ; co =^ cochlea ; mi = meat audit, int. After a preparation in m; 
collection. 

the preparation lying at the bottom of the vessel is washed with 
the ball syringe, or with the more powerful stream of an ordinary 
syringe. 

The moss-like impressions of the cavities of the spongy substance 
surrounding the corrosion cast on all sides must be removed with 
care. In the vicinity of the pneumatic spaces of the external meatus 
this is very easily done, but greater difficulty is encountered in the 
neighbourhood of the labyrinth and aqumducts, where some practice 
and intimate acquaintance with the relative positions of the parts 
concerned are needed. The spongy masses of the cast at the apex of 
the pyramid are so compact that they can, in most cases, only be 
separated with a narrow, sharp knife. 

The cast of the macerated temporal bone (Fig. 125) when com- 
pleted shows, in a more general manner than is possible with sections 
through the bone, the relations of the spaces of the osseous meatus 
in its various divisions, the length of its difleront walls from the 
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external orifice to the sulcus tynip., the form of its transverse section, 
Tarying from without inwards, the relative curvature of its walls, as 
well 03 the direction of its course up to the membrana tympani. At 
the boundary between the meatus and middle ear the impression of 
the sulcus tymp. stands out at the lower and lateral periphery, in the 
form of a sharply-defined ledge. The cast of the tympanic cavity is, 
corresponding to its upper recess, found to project beyond that of 
the external meatus. From above, the cast appears at times smooth, 
at others, again, in accordance with the ridged condition of the upper 
tympanic wall, irregularly furrowed ; one groove in particular, running 
in the transverse diameter of the tympanum, is to be regarded as 
constant, and corresponds, according to Bezold, to the constant 
transverse ledge on the upper tympanic wall (crista transversa 
tympani, see p. 29). Besides, there are found on some preparations 
of this kind, in great variety and to a large extent, the impressions 
of the pneumatic spaces, which enter into close relationship, externally. 




( Via. laa. — Wai and regin corroBinn prep»nition of the tsmporal bona. View ot the inniir 
aide, with the cut uf the labyriiith. — i — meat, siidit. intern. ; b — canml. aemiciicul. 
■uper. ; p = cbohI. semicirc. post. : ({ = nquieduct. lestibuU ; c = nquiediiot. cochlese ; 
f = euial. facinlii ; ca — cuial. caroticus ; ei ^ Hitiiis traiurereua. (After Beziild.) 

I with the upper wall of the outer meatus, internally, with the air 
J spaces in the pyramid. On the inferior surface of the cast it is, 
I from the position of the irregular cellular .spaces of the lower tympanic 
I wall, much easier to demonstrate than on frontal sections of the 
I temporal bone, by how much the floor of the tympanic cavity is more 
I deeply situated than the lower periphery of the membrana tympani, 
I or the floor of the osseous meatus. 

The upper and inner surface of a perfect cast (Fig. 126) bring 

under observation the three semicircular canals — the cochlea, the 

internal meatus (i). and the facial canal (f). The latter may, in cor- 

sspondence with its anatomical position in the temporal bone, be 

I traced with all its windings through the entire cast as far as the 

I .foramen stylo-mastoid. In addition is seen the aquaeductus vesti- 

[ bull (q), proceeding from the inner wall of the labyrinth as a fine 
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threadlike loop, tho lower, broader end of irbich corresponds to the 
hiatus aquieductua vestibuli on the posterior surface of the pyramid. 
More frequently still we sea the cast of the aquseductus cochlea (c), 
which, corresponding to tho posterior lower edge of the pyramid 
below the commencing portion of the internal meatus, is connected, 
in the form of a short cone running upwards to a point, with the 
commencing part of the lowest convolution of the cochlea. 

Objects prepared by the medium of the wax and resin compound 
must, on account of the brittlenoss and fragility of tho corrosion 
substance, be handled and preserved with the greatest care. In order 
to render them more capable of resistance, Hyrtl recommends that 
the preparation be repeatedly coated with a solution of isinglass. 

Experiments which I have lately made to cover preparations of 




this kind with a galvauo-plaslic layer vi copper have had satisfactory 
results. 

I use for this purpose a small galvano-plastic apparatus, con- 
taining about 1 litre of liquid, such as is used by amateurs for 
making galvano-plastic copies of ancient coins. The apparatus 
(Fig, 127) consists of a glass jar closed by a wooden lid (d), and 
holding about IJ litre of fluid. Fixed to the lid is a porous pot (c), 
into which dips a grooved zinc rod, attached to a copper support. 
The holder of the copper support bearing the zinc rod is fixed in 
tho wooden lid, passes through it into the glass vessel, and terminates 
in a round copper disc (r) with a bright upper surfaca This, as well 
as the zinc rod in the porous pot, can be raised and lowered by 
adjusting-screws (a s'). The apparatus forms a galvanic element, 
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having the zinc rod for its negatire. and the copper disc in the ghiss 
for its positive pole. The outer vessel is filled up to two-thirds of 
its height with distilled water, wherein 250 g. sulphate of iron and 
50 g. bi^ulpbate of potash are dissolred. 

The glass jar having been filled, its lid, together with the copper 
support aod the zinc rod are put in position. Distilled water, with 
10 g, of common salt dissolved in it, is poured into the porous pot 
up to the level of the liquid in the glass, after which the apparatus 
will be ready for immediate use. 

In order to coat the cast with a galvanic layer of copper, its entire 
surface, even to the least depression, must, by repeated brushing, be 
first covered with a layer of finely triturated Siberian graphite. The 
object is then placed upon the copper disc (r), and, by means of the 
adjusting-screw (a), brought within 1-2 cm. of the lower surface of 
the porous pot. If, at the end of several hours, the surface of the 
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preparation, which is turned upwards, appear copper coloured, it is 
turned, and left for several hours longer in the apparatus. Whon 
coated with a deposit of copper, the preparation is washed in water 
and cleaned with a soft brush. The thin layer of copper gives a 
sufficient degree of firmness to the preparation without materially 
altering the form. To prevent the copper oxidising, such costs may. 
at small cost, be silvered or gilt. 

For the corrosion of the labyrinth alone, by the wax-resin process, 
well- macerated pyramids from temporal bones of adults are the most 
suitable. It is more difficult to obtain casts of the labyrinth from 
petrous bones of new-born infants, because here the cori-osjon medium 
penetrates into the porous bone up to the immediate vicinity of the 
capsule, and the cast can only with difficulty be separated from the 
net-like masses which surround it on all sides. The filling of the 
labyrinthine cavity with the corrosion mass is effected, either by 
boiling in the wax and resin, or by injecting it with a heated glass 
tube. The cast is the more successful if tho capsule be so far cleared 
from the surrounding bone, that at the highest point of convexity of 
each semicircular canal, and at tho anterior edge of the lower convo- 
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lution of the cochlea, an aperture of the size of a pin's head can be 
made, which allows the escape of air from the labyrinthine cavity, and 
permits the wax to completely fill it. Casta of the labyrinth may also 
be made in a space where the air has been rarefied, a method which ia 
to be discussed more in detail in the description of metal corrosion 
apparatuses. 

Should the preparation, after setting of the corrosion medium, be 
sufficiently warmed as to allow part of it to flow again from the laby- 
rinthine cavity, a cast is obtained after corrosion which, as Hyrtl 
asserts, may be mistaken for the natural osseous labyrinth. 

{!>) Representation of Metallic Corrosion Preparations of the Organ of 
Hearing. 
Metallic corrosion preparations are, on accoimt of thoir durability, 
eminently adapted for the purposes of instruction. The alloy when 
melted reaches the minutest canals of the petrous bone as readily as 
the wax and resin compound does. But while, with the latter, the 
casts of the finest channels break, even during corrosion, they are pre- 
served perfect in the metallic casts.* 

For making metallic corrosion preparations, various kinds of alloys 
are made use of, which are fusible at a relatively low temperature. 
Most suitable are found to be : 1st, Metal d'Arcet, consisting of 1 
part lead, 2 parts tin, and 2 parts bismuth ; 2nd, Rose's Metal, 
consisting of 2 parts bismuth, 1 part lead, and 1 part tin ; 3rd, Wood's 
Alloy, consisting of 8 parts lead, 4 parts tin, 16 parts bismuth, and 3 
parts cadmium. The latter ia adapted, on account of its ready fusibility, 
especially for casta of the labyrinth. 

Tho proceeding in making metallic casts of the temporal bone 
difiers materially from that observed with wax-resin corrosions. 
Plunging the temporal bone into the molten alloy nearly always 
results in imperfect casts. Simply pouring the alloy into the external 
meatus does not, however, yield the desired result, because the metal 
escapes through the numerous openings in the temporal bone, which 
are in communication with each other. 

For the production of metallic casts of tho temporal bono, special 
methods are therefore recommended, a brief description of which we 
give in the following : 

Professor v. Brunn, of Rostock, showed, at a meeting of German 
naturalists and medical men held in Berhn in 1886, a series of success- 
ful metallic casta of the temporal bone, which were produced by the 
following method, for the communication of which we are indebted to 
Dr. Lemcke : 

• PftssBige altEred at the requeat o( tbo author.— G. S. 
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To make perfect metallic casts of the external, middle, and intemal 

' ear en macerated temporal bones, the external meatus is closed by a 

cork, the porus acust. int. pasted over with a small piece of paper, and 

then the entire temporal bone covered with gypsum, so that only the 

[ opening of the osseous tube remains free. The whole is then placed 

V in the heating apparatus, and left there for three or four hours at a 

' temperature of about 100° C. After this the metal is poured in 

through the opening, and by repeatedly shaking the object, made to 

penetrate into every cavity. Generally all the spaces of the temporal 

bone are completely filled. 

The preparation having cooled, the plaster ts removed, the bone 
transferred into 8^ caustic potash, and the vessel placed in the 
heating apparatus (50" C.)- In a few days any remains of bone 
are washed away by a stream of water, and tho cast will be found 
perfect 

At the Otological Congress at Brussels, Dr. Siebenmann demon- 
strated a series of perfect metallic casts of tho organ of hearing made 
after a method of his own, which in several respects differs materially 
from that of Professor v, Brunn. We here propose to give a short 
description of this method. 

To make casts of macerated temporal bones, it ia, on the whole. 
better to select such as are not too heavy, and have been carefully 
macerated. Before the casting is proceeded with, the following pre- 
liminary preparations have to be attended to : the canaliculi carotico- 
tympanici are widened with a needle, and from the canaliculus 
caroticus an opening is made in the tube. The superior semicircular 
canal is slightly opened with a file behind tho crista. The sulcus 
transvei^us and, in connection with it, the base of the petrous bone, 
are spread over with strips of linen in order that they may subse- 
quently be covered with a thicker layer of metal. In the same 
manner a canal bridged over is to be made from the external opening 
of the ftquicduct. vestibuli down to the sinus, ; so as to give to the 
cast of the canalis aqured. a firmer support, and the openings of the 
meatus extern, et intern, must be closed with linen. On the apex of 
the pyramid a cardboard funnel, not too narrow at its lower end, is 
introduced into the canalis caroticus and likewise firmly glued on with 
paper or linen strips. 

When the casting is to commence, the bone thus prepared should 
first be well warmed; it is, moreover, indispensable that the object 
should be firmly covered on all sides by a material which, though 
giving free passage to the air, does not allow the metal to escape. 
This was done, in the production of the specimens demonstrated at 
Brussels, by heating tho bone in a covered pan, quickly wrapping it 
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first in linen cloth, then in wadding, and finally surrounding it, 
with the exception of the funnel, on all sides with moulding clay to 
the depth of 5 cm. By vigorous kneading with both hands this was 
shaped into a firm ball. 

Extremely good casts are obtained by the following method, which 
has of late been universally employed : the bone, provided with linen 
bridges, as indicated above, is covered with plaster of Paris as far as 
the edge of the funnel, which is turned upwards, and then left to stand 
for several days in a moderate temperature with the funnel turned 
downwards. The filling of the block should not be proceeded with 
until it ia thoroughly dry, and while allowing the air to escape freely, 
it should not show any cracks in the beating, which must necessarily 
precede tbe casting. 

If the object has been well cleaned and suiBcIently heated, 
metal poured in through the funnel will fill up any, oven tbe minutest 
cavity from the squama to the apex of the pyramid. In tbe prepara- 
tions which were made last, not only the canals of the two aquieducts, 
but also those of the veins accompanying them, were represented in 
the most perfect manner. 

While pouring the molten metal in a continuous stream, and in as 
largo a quantity as possible, through the funnel, it is well to gently 
knock the bottom of tbe block of plaster against the table. The 
pouring in of the metal is only to cease when its level no longer sinks 
in the funnel : after waiting a few minutes, the block is placed upright 
in water. On the following day the plaster is broken away, tbe bone 
cleaned with a brush, and the metal removed with the chisel or a 
red-hot blade of a knife, on those spots where it is not required. 

The petrous bones are next corroded in 10-30% caustic potash (or 
caustic soda), at a temperature of 40-50' C. At the end of a month 
they are soaked for 24 hours in water, and then placed in dilute (1 ; G) 
pure hydrochloric acid. After a few hours tbe last remains of the 
adhering portions of bono (labyrinthine capsule, etc.) are dissolved, so 
that nothing further remains to be done but to free the preparation 
from the acid by placing it in distilled water. During the entire pro- 
cess of corroding, the preparation never comes under a stream of 
water, which is rather an advantage over other corroding methods in 
use. 

For further preservation, and for purposes of demonstration, the 
specimen is fixed on a forked stand with heavy supports. The 
branches of tbe fork are, with this object, forced when red-hot into 
the thick metal plate on the lower surface of the preparation in such 
a way, that, when iixed, it has as nearly as possible the natural posi- 
tion of the petrous bone in the upright skull. 
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In Older to make such casts more serriceable for slutJy, it is 
advisable to brush over the various parts with a thin layer of paint 
(or varnish), e.g., the meatus bone-yellow, the nerve canals bright 
jellow, middle ear bright rose-colour, labyrinth groeiiish-j'olliin', iho 
carotid artery crimson, sinus bulbus jugtU. and veins of the aquioduct 
light blue, diploe brownish. On preparations wluch are intended to give 
a general view of the organ the spongiosa is tiisl broken away. Preparo- 
dons which are not to be painted over are lacquered with ' Fixative.' 

The proceeding in the making of metallic corrosions of soft-pnri 
preparations (casts of the middle ear), after Siebenmann's method, is 
identical with that of Bezold (makiog use of the wax and rosin com- 
pound). For the purpose of more thoroughly heating the moiRt 
temporal bones, and of more surely fisiog the cartilaginous tube, 
Sifibenmann also uses gypsum ; only the opening of the tube and the 
artificial gap in the proc. mastoid, are left free. But tho plaster 
block, having been hardened, is immediately he»ted, and the casting 
proceeded with. The sjTinge to be employed must be one of sloel or 
brass, and should be well heated before using it The air-tight closure 
between the syringe and the gap in tho mastoid process is simply 
eHected by fastening on the nozzle of the syringe a short pieco of 
drainage tube with thick walla but of small calibre, in such a way 
that the nozzle projects only about 3 mm, beyond iL The selection 
of suitable bones, the further preparatory arrangements, and tho in- 
jection are the same as in Bezold's process. For corrosion, however, 
the well-cleaned bone is merely placed in -0/^ eaustio potash, whore, 
especially under temperatures of 40-50" C, the destruction of the tcra- 
poral bone is so rapidly eft'octed, that in two. at most three or four, 
weeks the bright metallic preparation can be removed from the lyo. 
For the corrosion of the moist temporal bones of children, only a few 
days are required. 

Instructive preparations may bo obtained by immersing such bonos 
when charged with metal for a few days in a very weak solution of 
the caustic, until the soft parts and the diploii can be easily removed. 
At this stage the bones are again soaked for a day or two in water 
and cleared of the soft parts, care being taken not to ii^ure tho tube, 
Now the outer osseous plate of the lateral surface of the petrous bono 
is removed ; the air-spacos of the anterior and posterior surfaces of 
the pyramid must be carefully exposed and freed from the surround- 
ing spongy tissue ; the outer anterior wall of the tubal canal is broken 
away in its entire length, and in some preparations also tho inner 
half of the anterior lower wall of the meatus. If tho bono linn 
been corroded too far, it is, after the filling of the middle oar has 
been chiselled away or dug out, to be dipped once more into thin 
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liquid glue or gelatine, to restore its firmness, and to prevent the metal 
falling out. 

Several good metallic corrosions of the temporal bone I obtained 
by the following simple procedure : on a well-dried, markedly pneu- 
matic temporal bone, a small hole is bored J-l cm. behind the ex- 
ternal orifice of the ear. After this the anterior opening of the osseous 
Eustachian tube, and the hiatus canalis Fallopii are stopped up with 
glazier's putty, and the preparation is embedded in heated dry sand, 
so that orJy the external opening of the osseous ipeatus and the drill 
hole in the mastoid process turned upwards, remain free from the 
sand. A small quantity of the molten alloy is now poured into the 
auditory canal by means of a pointed spoon, in such a way that the 
metal penetrates through the round and oval windows into the 
cavity of the labyrinth ; the tympanic cavity and the external 
meatus are then filled, until the alloy runs out from the bore-hole in 
the mastoid process. Experiments which I have lately made to pro- 
duce metallic corrosions by injecting the alloy through the internal 
meatus have yielded a favourable result. With this object the 
osseous lamella, separating the floor of the internal meatus from the 
cavity of the labyrinth, is pierced with a pointed instrument, and 
another hole made on the processus mastoid, behind the external 
meatus. Then the preparation is covered over with gypsum, so as to 
leave only the external and internal meatus, and the bore-hole in the 
mastoid free. The injection of the alloy from below upwards is 
effected by means of a heated metal syringe, the nozzle of which, 
covered with a piece of india-rubber tube, fits air-tight into the in- 
ternal meatus. The injection is continued until tho mass flows from 
the bore-hole in the mastoid process. 

Metallic casts of the labyrinth may be made simply by injecting the 
alloy through the fenestra ovalis, or by making the injection in a space 
where the air has been rarefied according to Gottfried's method. This 
proceeding, of the excellence of which 1 had the opportunity of con- 
vincing myself from the perfectly successful preparations of the laby- 
rinth made by Dr. Daila Bosa, consists in placing the pyramid, reduced 
down to the capsule of the labyrinth, together with several small pieces 
of Wood's metal, in a spacious (^prouvette. The latter is stopped by 
means of an india-rubber plug with a hole in it, through which a short 
glass tube is passed. Now, in order to rarefy, as much as possible, the 
air in the ^prouvette, and to facilitate the penetrating of the molten 
metal into the labyrinthine cavity, water is made to boil in a retort, 
provided with a forked tube, over the flame of a spirit-lamp, until the 
steam escapes with some force at the openings of the tube. If then 
the mouth of one of the branches he connected by means of an india- 
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rubber tube with that of the ^prouvette, the steam can only escape by 
the other branch, whereby the air in the ^prouvette becomes so raie- 
fied that the metal, which is melted at the same time over a spirit- 
lamp, penetrates into till the canals of the labyrinth. 

The maceration of the objects with caustic potash requires the 
same precautions to be taken as with Siebenmann's method. 

2. CORROSION PREPARATIONS OF SOFT PAJITS. 

On corrosion preparations of the soft parts of the temporal bone, 
only the air-containing spaces of the external and middle ear can be 
represented. The procedure differs, according to whether a cast of 
the auricle and external meatus, or one of the middle ear (tympanic 
cavity, mastoid cells, and Eustachian tube), or finally, one of the 
external and middle ear in connection, is to be obtained. 

The easiest to represent are casta which show the depressions of 
the auricle, the length and direction of the external meatus, and the 
curvature of the outer surface of the membrana tympani. For this 
purpose a normal organ is made use of, the estemal meatus of which 
has been thoroughly cleansed from ceruminal and epidermic masses 
by Gyringing, and where the tympanic membrane, upon examination 
with a mirror, is found to be in a perfectly normal condition. Before 
pouring in the corrosion mass, the preparation must be warmed 
in hot water, and after it has been taken out, the meatus should 
be well dried by repeatedly forcing air into it from a heated metal 
syringe. As a corrosion mass, either that of wax and resin, before 
described, or one of the alloys mentioned, may be used (Liiwenberg). 
These latter, according to Professor Brunn, should not be poured in 
too hot, otherwise tho cutis of the external meatus, and the membrana 
tympani might be burned or shrunk, and the casts, in consequence, 
turn out shapeless and thin. When pouring in the metal, special 
care should be taken that tho meatus and auricle be kept in their 
normal positions, lest by traction on the latter, the relationship of one 
to the other might be altered. When using metallic alloys, the 
angular incurvations of the meatus stand out in too pronounced 
a manner in the cast, owing to the weight of the metal filling the 
auricle, while the impression of the membrana tympani is less 
distinct. 

After the wax and resin compound has hardened, the preparation 
is placed in concentrated hydrochloric acid, and the corrosion pro- 
ceeded with in the same manner as with macerated temporal bones. 
With metallic casts, after cooling of the molten alloy, the auricle and 
cartilaginous meatus are cut away, and, according to Prof, Brunn, 
the cast may then be taken out. If this cannot be done the para 

12—2 



180 CORROSION CASTS OF THE MIDDLE H 

t3'nipanica must be removed with the chisel, or destroyed by 8% 
caustic potash. 

Somewhat more difficult is the procedure with corrosions of- the 
middlo ear. The object selected must be taken from the skull in such 
a manner that, towards the front, the Eustachian tube remaios intact, 
while the posterior cut through the bone is so directed that the cells 
of the mastoid process are not opened thereby. The injection into the 
spaces of the middle ear is best ertected, according to Bezold, from 
an opening made in the incisura mastoid., since, especially in pneumatic 
temporal bones, there frequently exist, in the neighbourhood of this 
incisura, one or several large cavities which communicate with the 
mastoid antrum. Having introduced the canula air-tight into this 
opening, warm air is made to pass through the middle ear by means 




Fia. 129. — CocroUdU cast of the iiuriate and of the external aaditor; onaL (After Bexold.) 
— a — foua sophnidea ; i = fosaa intercruralia, c = upper, o' f^ lower poirtioii of Che 
ooncha ; u = eecond bend of the external meatus ; t = Ixirder of the tjinpftoic mnnbraiM ; 
om = umbo i b = depresaion of the membr. Shrapaelli, and of the proo. brevis. 

of a large, well-heated metal syringe. If, while this is being done, 
air escapes from the ostium pharyng. tubre, it may be assumed that 
the cavities in the mastoid process communicate with the rest of the 
spaces in the middle ear. 

Previous to injecting the corrosion mass into the middle ear, an 
insect pin is pushed through the tubal canal into the tympanic 
cavity, so that when the injection is completed, the pin will be sur- 
rounded by the corrosion substance, .ami tUe breaking of the east of 
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I the tube at the isthmus tubre will be prevented. The heated corrosion 
medium is now injected with some force through the caniila at the 
iocisiira mastoid., until it flows out freely, and without air-bubbles, from 
the ostium pharjoig, tubfc wliich is directed upwards. The preparation 
is kept in this position until the corrosion mass has hardened, and 
must afterwards bo immersed, for the purpose of corroding it, in 
coDcentrated hydrochloric acid (where alloys are used, in caustic 
potash). If, on corrosion preparations of soft parts, the external and 
middle ear are to be represented in connection, several strong insect 
pins are pushed from the meatus through the membrana tympani. 
The injection of the spaces of the middle oar is effected after the 
method previously described. When tbe corrosion medium has 
cooled in the spaces of the middle ear, the preparation is so placed, 
that the external meatus is directed vertically upwards, and then the 
latter and the auricle are likewise filled with the liquid mass. The 




JlQ. 130. — Oamxion cast of the middle ear. (After Bezold.) — o = oat. phnryng. tubio ; 
1 = iithmus tnbse ; ot — oat. tymp. tubee ; u — lower tjiapanic space ; t - tympanic 
tDembrane, with the groOTe of the mnlli.-us, and the umbo i h — dtipresmion for the body of 
the malleus and inciu ; a = posterior end of the maatoid antrnm ; e = transition ct-U ; 
te - terminal oell. 

connection between the spaces of the external and middle ear is pra- 
aerved by moans of pins thrust through the tympanic membrane. 

The cast of the soft parts of tbe middle ear differs in many respects 
from the middle-ear cast of the macerated temporal bone. With the 
former we obtain an exact impression of the inner surface of the 
tympanic membrane, which on bone corrosions must of course be 
wanting. On soft-part corrosions we also find, besides the hollow 
spaces, which have been left behind after the corrosion of the 
malleus and incus and of the stapes, the canal formed by the tendon 
of the tensor tympani, passing transversely through the cast of the 
tympanum, as well as the furrows which tho larger mucous ip' 
folds leave in the corrosion mass. All these details 
bone corrosion, though we obtain by it the impress 
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canal, while in the cast of the soft parts this impression, as well as 
those of the small osseous canals of the temporal bone, are wanting. 
In the mastoid process, only the pneumatic spaces appear on the soft- 
part cast ; on the cast of the macerated bono we have also those of the 
diploetic spaces. Finally, we obtain on the macerated temporal bone 
only the cast of the osseous Eustachian tube, on the cast of the soft 
parts the entire tube. The cast of the latter does not correspond to 
the actual capacity of the tubal canal in a state of rest, but during its 
maximal dilatation. 

Professor Steinbriigge recommends, for corrosion preparations of 
the labyrinth, celloidin, which of late has been so much used for 
embedding microscopical preparations.* 

He opens the tympanic cavity from the roof, divides the muse 
tensor tymp, and the incudo-stapedial articulation, and then, sawing 
through the antrum mastoid., separates the labyrinthine portion from 
the outer wall of the middle ear. The stapes is next carefully 
removed from the fenestra oralis, and the bone then, for forty-eight 
hours, immersed in equal parts of ether and absolute alcohol, and 
afterwards placed in a thin-fluid solution of celloidin, which, after 
having been left for eight days in action, is allowed to evaporate by 
removing the hd of the vessel. The bones embedded in celloidin are left 
for fully three days in 50^ alcohol ; they are then freed from the 
superfluous celloidin by scraping, and placed in pure hydrochloric 
acid. After the lapse of three days the raacorated tissues can be 
removed from the costs by means of a gentle stream of water. In 
this manner Steinbriigge obtained very good preparations of the 
perilymphatic spaces of the labyrinth, including the membranous 
structures ; but his attempts to represent the latter in their connection 
by dissolving the celloidin again have hitherto not been successful 

Another method of obtaining preparations by the process of corro- 
sion was suggested by Barth.f 

In his various experiments to embed the ear he hit upon a plan of 
making casts of the spaces of the labyrinth, retaining the soft parts. 
The undecalcified and unojiened petrous bone, after being hardened 
and stained (osraic acid), is placed first in dilute, then in absolute 
alcohol, and finally in chloroform. In each of these it is allowed to 
remain for several days. After that, paralhn is melted at as low a 
temperature as possible, the preparation quickly taken direct from the 
chloroform into the melted paraffin, and left there until the chloro- 
form ceases to give oii' vapours, which is, with a human petrous bone, 
from five to six hours. After allowing the paraffin to cool rapidly, the 
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^H preparation is cut out, a small block of paraffin being left standing for 

^* subsequent attachment to the meatus auditorius intemus, or to the 

fenestra ovalis et rotunda. In the latter case the stapes must, of 

course, be removed before immersion in the medium, and the mem- 

tbrana tyrapani secundaria pierced. The superfluous paraihn is scraped 
off down to the bone, Now the petrous bone ia transferred to con- 
centrated or nearly concentrated common hydrochloric acid, in which 
it remains, according to its bulk, for eight to fourteen days. The pre- 
paration, on which a considerable portion of the cast of the inner ear 
is already visible, is then to be carefully placed in water, and what 

» remains of the tissue still adhering to it is washed off by means of a 
syringe provided with a long nozzle. 
Thus a cast of the whole of the internal ear ia obtained, which 
includes the soft parts, sometimes with, sometimes without, preserva- 
tion of the periosteum of the scalie. It shows everything that is to be 
noticed on a cast of the osseous labyrinth, and in addition, though 
only faintly shining through, the position of the n. facialis in its reln^ 
tionship to the acusticus, the origin of the nerve-trunks and their 
ramifications on the ampuUje, the radiation of the r. cochleiB, the 

I course of the ductus cochlearis, as well as that of the membranous 
semicircular canals within the osseous. With organs of children, up 
to the age of about ten years, the internal ear is obtained in tolerably 
close connection with the nerve-trunks. The preparation being com- 
pleted, may, for preservation, find a suitable place beside the cast of 
the internal meatus. In adults the nerve-passages to the internal ear 
have, through gradual ossification, become so narrow that the pre- 
paration must be very carefully handled to avoid breaking the cast 
Earth's attempts to clear the preparation in the paraffin embedding — 
i.e., to render it quite transparent — -have hitlierto not been successful ; 
but it gains somewhat in firmness, even against moderate heat, if it be 
placed for some time in soluble glass and dried, any defective places 
being subsequently brushed over with the same substance. In further 
experiments it is recommended to try careful painting over with resin 
dissolved in chloroform. For microscopic examination these pre- 
parations are unsuitable, although the pillars of Corti's organ, as well 
as cells and nuclei, are for the most part plainly recognisable ; but the 
membranous labyrinth may bo demonstrated by dissolving and re- 
moving the paraJfia This manipulation- — dissolving in chloroform, 
gradual removal into ether, alcohol, glycerine — must be very carefully 
carried out, lest there occur disfiguring shrinkings and displacements, 
or even rents in the vestibular structures, or, what is more likely still, 
in the canals. Tolerably good preparations may, however, be obtained, 
which afterwards can be stained, to make them stand out more dis- 
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tinctly in glycerine. Barth considers this tnetliod better suited for 
the Gxamiaation of otiier cavities. Colloidin casta become more 
resistaut if the pyramid be placed in oil, or in resin dissolved in 
alcohol. 

VT. 

Mounting and Preserving Anatomical and Pathological 
Preparations of the Organ of Hearing. 

preparatory methods. 

1, Soaking (he Preparations in Water. 

All preparations intended for preservation in an anatomical collection 
must, in a fresh state, either before or after preparing them, be soaked 
in clean water, which is frequently to be changed so as to get rid of 
the blood which has been left behind in the bone and soft parts. The 
space of time within which the blood may be removed from the tem- 
poral bono varies from one to three days. It is effected the more 
rapidly the oftener the water is changed, and frequently one day will 
be sufficient if the object be placed in a stream of water. The latter 
is advisable to prevent rapid putrefaction setting in, especially during 
the warmer season of the year. 

When the object is quite freed from blood— which will be seen if, 
after repeatedly changing the water, the latter no longer shows any 
reddish tint — it is, for the purpose of dehydration, steeped in ordinary 
spirit, from which it may be taken at any time when required for pre- 
paration. This, however, is only to be recommended in cases where 
normal organs of hearing are to bo dissected. Pathological objects, 
on the other hand, should always be prepared in the fresh state, as 
the new formations of tissue, the result of the morbid process in the 
ear, undergo alterations when soaked in water. If intended for pre- 
servation as macroscopic objects, they must also be steeped in water 
after their preparation is completed, and a note made of their appear- 
ances ; they are then placed in spirits of wine. Alcohol preparations, 
if not quite free from blood, show the details less sharply. 

2. Bleaching of Preparations of the Ear intended for 
Preservation. 
Macerated temporal bones are, under favourable conditions, best 
bleached in the sun. Frequently, however, one meets with temporal 
bones which contain such quantities of fat that, even after long 
exposure to the rays of the sun, they do not lose their yellow colour. 
The best bleaching substance for such objects is benzoline. The 
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manipulation requires, however, a special apparatus. This consists in 
a correspondingly large, hermetically closed metallic ciise in which, 
close to the bottom, a piece of wire netting is fised for the temporal 
bones to rest on. If, now, a quantity of benzoline be poured on the 
floor of the case, the latter being well closed, the fat is extracted from 
the bone by the vapours arising, and the objects are completely 
bleached. 

Another simpler method of bleaching yellow bones is to immerse 
them in a 10^ aqueous solution of ammonia ; the bones must, how- 
ever, be exposed for several weeks to the action of the liquid, which 
should be frequently changed. The bleaching of temporal bones in 
chlorine water or in a solution of chlorinated lime is certainly more 
expeditiously accomplished ; but the osseous tissue, particularly in 
young individuals, is too strongly affected by the destructive action of 
the chlorine and the hydrochloric acid. Smaller bones, such as the 
osseous labyrinth, the tympanic membrane with its osseous frame, and 
the ossicles, may be bleached in as dark a place as possible, either in 
a mixture of sulphuric ether and alcohol, or in a 6% solution of per- 
oxide of hydrogen, with the addition of a few drops of ammonia. 

With regard to the bleaching of unmaceratcd preparations of the 
ear, in the majority of cases thorough soakmg in water and subsequent 
immersion in alcohol will suffice to whiten the bone. Only with ex- 
ceptionally yellow or yellowish-brown bones may a bleaching medium 
be used. One of the best modes is to immerse the preparation in 
water slightly acidulated with nitric acid (i-1,000). 

• MOUNTIKG OF THE PREPARATIONS, 

In mounting anatomical and p a thologico- anatomical preparations 
of the auditory organ regard should be had, in the first instance, 
that the important details on each object be clearly and fully brought 
under observation. There is a distinction in the mode of mounting 
spirit preparations and dry preparations. 

1. Mounting of Spi/rit Preparations. 

Preparations preserved in spirit must, for the study of the 
anatomical details, almost invariably be taken out of the vessel where 
they are kept. It is, however, advisable, when placing the object 
in spirit, to give it such a position that the principal detail may 
be easily seen through the gloss without there being any need of 
opening the vessel. The glass intended for keeping the preparation 
should, therefore, be only of a diameter corresponding to the size of 
the object, to minimize the changes of its position, which would 
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interfere with the proper examination. Such changes frequently 
happen when the vessels are too wide. 

The greater number of the amitomical and pathologico-anatomical 
preparations in my collection are preserved in glass jars, provided 
with well-fitting glass stoppers ; they measure 9 cm. in height, 6 cm. 
in width, and 4 cm. at the mouth. All these are preparations on 
which the opened osseous meatus, the outer surface of the membrana 
tympani, the tympanic cavity and the pyramid in connection, are re- 
presented in sections of the most varied kinds. Preparations on 
which, in addition to the above-mentioned parts of the ear, the 
auricle, mastoid process, and the Eustachian tube are retained, must 
he placed in larger vessels, having a height of 12 cm. and a width of 
7 cm. 

More bulky preparations, such as half the skull with the organ 
of hearing ready prepared, both organs in connection, frontal sections 
through the entire skull and ear, must, of course, be put into 
correspondingly capacious glasses. Best adapted for these are 
longish oval shallow ones, 16 cm, long, 7 cm. wide, and 18 cm. high, 
which can be closed by a well-lilting glass lid (by means of glazier's 
putty). 

Flat sections of the entire organ, particularly horizontal and 
frontal ones of decalcified preparations, on which the details appear 
more sharply marked in the spirit than when token out of the liquid 
for inspection, are kept in commoner glasses, measuring 6J cm. in 
height, and 5 cm in width ; these may be covered with a glass disc 
and hermetically closed with glazier's putty. 

Thin sections of decalcified organs which, on account of their ' 
pliancy, curl up in the glass are fixed on uncoloured or coloured 
(blue, yellow, black) glass slips of suitable size. The most durable 
fixing material, which is not soluble in alcohol, is ichthyocolla or 
dissolved gluo gelatine. A few drops of the strongly condensed 
solution, applied to the upper and lower edges of the preparation, 
which for a short time previously must have been lying in water, 
will be sufficient to fix it on the slip, and if the whole bo carefully 
placed in spirit, the preparation will remain fixed in its position. 

It would lead too far to enumerate all the preparations and 
sections of the organ of hearing it might be possible to make, and 
which might be found suitable for preservation in spirit for instruction 
purposes. Besides, this appears to me superfiuous, inasmuch as, 
from the description of the anatomical preparations hitherto given, it 
may be readily gathered which of them are required for study and 
demonstration. It need here only be pointed out in a general way 
that for such purposes spirit preparations and dry preparations 
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supplement one another, as some details appear more strongly marked 
in the former than in the latter. To demonstrate the soft parts, in 
particular, of the auditory apparatus, it is advisable to keep in 
every anatomical collection a considerable number of spirit prepara- 
tions, on which should be represented, in their mutual relationship : 
the auricle, the cartilaginous meatus, the tympanic membrane with 
its pouches, and the chorda tymp., the lining membrane and Ugaments 
of the middle ear, the intra-tympanic muscles, the Eustachian tube 
with its muscular apparatus, the membranous labyrinth and the 
acoustic and facial nerves. For patbologico-anatomical preparations 
preserving in spirit is, in the majority of coses, preferable to dry 
mounting. Certaiu changes, such as opacities of the tympanic 
membrane, non-adherent cicatrices, and atrophic depressions, almost 
completely disappear when the objects are dried. On the other 
hand, calcareous deposits on the membrana tympani appear more 
sharply defined in dry than in spirit preparations ; this applies also 
to adhesion bridges between the membrane, inner tympanic wall, and 
the ossicula. 

Smaller preparations, intended for demonstration, are best kept 
in small, specially manufactured glasses such are shown in their 
actual size on p. 191, Figs. IV. and VI. Among these preparations are 
to be mentioned ; transverse sections of the cartilagino-membranous 
meatus, the membrana tympani, with the annulus tymp. ; the 
membrane, prepared out of the sulcus and dissected into its various 
layers; sections through the longitudinal axis of the decalcified 
malleus and of the membrana tympani, with the view of Shrapnell's 
membrane and of I'russak'a space in profile ; longitudinal, and trans- 
verse sections of the isolated Eustachian tube, the malleus, with 
the m. tens. tymp. dissected out; the stapes, with the m. stapedius, 
that portion of the inner tympanic wall on which the stapes with 
the m. staped., the fenestra rotunda and the n. facialis have been pre- 
pared out ; likewise the external wall of the labyrinth, with the foot- 
plate of the stapes, and the commencing portion of the lamina 
spiralis, the sacculus with the membranous semicircular canals, the 
membranous cochlea, sections of hardened and decalcified petrous 
bones, etc. Especially clear and beautiful appear stained sections of 
the tympanic cavity, with the transverse section of the malleo-incudal 
articulation, of the longitudinal section of the malleus, with the view 
of Shrapnell's membrane and I'russak's space in profile, of the 
cochlea and vestibule, with the transverse sections of the saccules 
and ampulla. Microscopical sections of those structures which have 
turned out too thick for histological examination form, when pre- 
served in small glasses, and examined with a lens in a good Ught, 
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very beautiful and instructive objects for lecturing purposes. In 
order to mount such sections on an even surface, they are fastened at 
both ends by means of a drop of fluid gelatine to a small coloured 
(yellow or blue) glass slip, and after a few minutes placed in a 
small glass containing common spirit. 

Of pathological preparations to be preserved in smaller glass 
vessels we may mention : calcareous deposits, perforation, cicatrices. 
granulations and polypoid formations on the tympanic membrane," 
polypi, carious ossicles, the labyrinthine capsule wholly or partially 
exfoliated by necrosis, the extruded cochlea, etc. 

For a preservative fluid I use the ordinary 50% spirit, in ex- 
ceptionol cases, for small objects (membranous cochlea, semicircular 
canals, membrana tympani, etc.), Laskowski's carbolized glycerine 

(1-57.)- 

It is of great importance, when forming an anatomical collection, 
to have well-fitting covers for the preparation glasses, because many 
objects, after the evaporation of the alcohol, dry up so as to become 
useless. Glasses closed with imperfectly fitting stoppers, and which, 
on being turned upside down, allow the liquid to escape, if only in 
drops, must be rejected and replaced by others. To ensure air-tight 
closure, the circumference of the glass stoppers is brushed over with 
a mixture of stearine and ceresine. The evaporation of the preserva- 
tive fluid is best prevented by making use of glazier's putty, which 
can, however, only be done (see p. IHG) with preparations which do 
not always require to be taken out of the vessel for demonstration. 
Preparations which, for want of attention, dry up through evaporation 
of the alcohol, are made to expand again by placing them for one or 
two days in water, strongly acidulated with nitric acid (2-3%), after 
which they are replaced in alcohol When the preservative fluid 
is found to have turned brown or thick, it must of course be renewed. 

2. Mounting of Dry Preparations. 

The mounting and arranging of dry preparations is of the greatest 
importance if thoy are to be kept in a perfect condition. Special care 
should be taken in fixing them, that those portions of the object 
which are to be brought under notice should present themselves 
freely and clearly to view. Preparations of the tympanic cavity and 
labyrinth, in particular, must be mounted in such a way that their 
respective cavities be open to unobstructed inspection. It is 
scarcely necessary to say that, while mounting preparations of the 
auditory organ in a manner most suitable for their particular purpose, 
* Compftra the figure in my tcit-book of DUeasea of the Eat, second edition, p. 188. 
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regard should also be bad to their tasteful grouping, in order to show 
them to greater advantage. 

Smaller preparations, such as the outer and inner surfaces of the 
membrana tympani stretched out in the sulc. tymp., the ossicles, 
sections through the vestibule and cochlea, are best Hxed with a drop 
of glue on small black slips of wood measuring 4 cm. by 2 cm. Glass 
slips (reduced to the proper size) have the advantage of allowing 
the objects fixed upon them to he examined on both sides. In 
order to protect the preparation from dust and Insects, the slip is 
fastened on a round stand, which has a diameter of 4 cm,, and is 
covered with a gloss shade 5 cm. (high p. 191, Figs. I. and III. in the 
actual size). 

In a like manner, smaUer objects may be mounted in a round cap- 
sule resting on a stand, and closed in front with a watch-glass fitted 
in (p. 191. Fig. 11.). A still more simple method of mounting consists, 
as shown in Fig. VII., in fixing the preparation with a drop of glue on 
a small, black polished or varnished slip of wood, measuring H em, by 
44 cm., covering it afterwards by means of a watch-glass in such a 
way that the edges of the latter firmly adhere to the slip. 

Larger dry preparations I mount for my collection in two ways. 
If the object has been so prepared that the parts intended to be shown 
can only bo seen on one side, such as the view of the cavum tynip. 
from above or below, and horizontal sections of the entire oi^an, 
etc., holes are drilled through the preparation at its two opposite ex- 
tremities, or at any other suitable point ; it is then fastened by means of 
metal tacka to a small, black slip of wood, which may be polished or 
varnished. It is hardly necessary to say that the holes drilled in the 
object for fixing it should not bo made in any part which is anatomi- 
cally of importance, but, if possible, in places whore the tacks are out 
of sight. To avoid their being noticed at all, a tuck 1 J-2 cm. long is 
driven half- way into the wooden slip, and the free portion of it having 
been brushed over with glue is inserted into a bore-hole drilled on 
the lower surface of the preparation. These slips vary in size, accord, 
ing to the bulk of the object, from Q cm. by (i cm. to 14 cm. by 
8 cm.; for small objects slips of tl cm. by 4 cm, are sufficient. In- 
stead of small wooden slips, square or oblong gloss plates may he 
used, on which the preparations are fixed by means of glue or gloss 
cement (syndektikon). To protect tbe objects from dust and insects, 
from four to eight specimens are kept in correspondingly hu-ge cases, 
the lids of which may be partly of glass so as to render inspection 
more convenient. It is absolutely necessary that these cases should 
be made as air-tight as possible, especially for dry preparations, the 
soft parts of which havo been impregnated with Lask.Q-s's.V^'s. lijt'^ 
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servfttive fluid (glycerine lOO'O, acid, carbolic. 5'0, acid, boric. I'D), 
because such objects, if not sufficiently protected, become in the 
course of time so soiled, that it is scarcely possible to again perfectly 
clean them. 

Preparations that require to be examined on all sides, such as the 
membrana tympani, with the ossicular chain and the lab^Tinth, pre- 
pared out in one piece, are mounted, as shown in Fig, V., p. 191, on a 
stand which may be covered with a bell glass of corresponding size. 
The diameter of the round stand measures 10 em., the height of the 
upright piece supporting the preparation i em., and that of the shade 
fitting into a groove in the stand 8-!) cm.* This mode of mounting, 
on account of its rendering it possible to inspect the object on all 
sides, is also to be recommended for those corrosion preparations 
which have been treated by the wax and resin process, and require to 
be covered with a glass shade to protect them from dust and mechani- 
cal influences. 

Small dry preparations, tympanic membranes, ossicula, casts of 
the labyrinth, may also be mounted on black slips of wood under glass 
and frame. A model collection of preparations of the ear is that 
which represents the comparative anatomy of the ossicles and osseous 
labyrinth, and which has been mounted on two tablets by Hyrtl'a 
master-hand. 

PROTECTION OF DRY PREPARATIONS AGAINST DESTRUCTION BY 
INSECTS. 

All dry preparations intended for preservation must, in order to 
protect them against destruction by the larvse of insects, be brushed 
over with a solution of glycerine sublimate (3 parts glycerine, 7 
parts water, O'Ol sublimate of mercury). Instead of ,the sublimate, 
arsenious acid (O'l) may be employed. The painting over of the soft 
parts (not the bones) is done with a tine camel's-hair brush. Especi- 
ally the outer and inner surfaces of the membrana tympani, which is 
most frequently destroyed by the larvic, should be carefully irencilled 
over, BO as to become impregnated with the Huid. In order to pre- 
eerve the pliancy of the membrane, and to prevent it from cracking, 
it is advisable to repeat the pencilling over after the lapse of 3-4 
years. Tympanic membranes on preparations which have been 
saturated with Laskowski's preservative iluid (5% carbolized glycerine, 
with the addition of 1% boraclc acid), and which, as a rule, are not 
attacked by the larvtc of insects, should, for greater safety, be treated 
in the same manner. 
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In spite of these precautions for protecting the preparations from 
destruction, I consider it advisable at the beginning of the warm 
season to provide the various cases of the anatomical collection with 
pieces of camphor wrapped in gauze, thus preventing their being in- 
fested with insects. 

Preparations showing the presence of insects by such traces as 
brownish-gray granules, must either be entirely separated from the 
collection, or, for the purpose of destroying the larvae, be put in 
sublimate spirit (1:300). If several specimens of the collection 
show signs of being affected, all the dry preparations should be 
placed in an air-tight box in order to destroy the larvae by ex- 
posing them for five or six hours to the fumes of carbon bi-sulphide. 



SECOND PART. 

I THE HISTOLOGICAL EXAMINATION OF THE GROAN OF HEARING IN 
ITS NORMAL AND PATHOLOGICAL CONDITION. 
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Introduction. 

The histological examination of the tissues of the auditory apparatus 
forms an essential part in the dissection of the ear. For although, by 
dissecting pathological organs as macroscopic objects, we frequently 
enough gain information as to the anatomical cause of the disturbance 
of hearing, yet in many cases it is only the histological examination 
which will throw sufficieot light on those fuoctiooal impairments 
which originate from the finer structural alterations in the auditory 
apparatus, and which it would be tm{K>ssible to recognise with the 
naked eye. 

The histology of the organ of hearing is beset with far greater 
difficulties than that of other organs. This is due to the fact that it 
ia made up of tissues with greatly varying peculiarities. Thus we see 
the sound- conducting apparatus and the delicate terminal structures 
of the acoustic nerve in the labyrinth surrounded on all sides by 
exceedingly dense osseous envelopes, which admit of a pathologico- 
histological or a topograph ico-anatomical investigation only when, by 
proper methods of decalcification aiid embedding, all the tissues are 
rendered tit for sectioning. These preparatory methods, however, 
require the greatest care and circumspection, in order to prevent the 
delicate structures of the connective tissue, of the epithelium, and of 
the nerves in the middle and inner ear from being altered and injured 
by the action of the decalcifying fluids. 

In nearly all cases, therefore, must organs of hearing, intended for 
microscopical examination in their normal as well as their pathological 
state, be treated witli certain chemical agents in order to preserve, as 
far as possible, the natural structure of their cells and tissues (Exing) ; 
to prevent the setting in of decomposition, which might have a 
destructive influence on their delicate texture (preservation) ; and to 
give their dissimilar tissues a homogeneous consistence, so as to ren 
them fit for sectioning (hardening, decalcification). Where 
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a question of examining the soft structures of the ear (tympanic mem- 
brane, lining membrane of the meatus and middle ear, Eustachian 
tube, membranous labj'rinth), it is generally possible to comply with 
all the above-mentioned conditions by making use of a suitable pre- 
servative fluid (chromates, alcohol), which eSects both hardening and 
fixing, and prevents putrefaction. In some cases, however, where 
special forms of organization (cell-nuclei, nerve-libres, etc.) are to be 
examined, it is necessary to have recourse to a combination of fixing 
and preserving methods. It is, of course, understood that, in cases 
where a topographico-histological examination of the organ is intended, 
the parts selected, or even the entire apparatus, with its osseous 
invelopes, must be decalcified before being submitted in toto to 
.1 examination. 



Preparatoht Methods. 
1. fixing and hardening. 

The object of fixing is the perfect preservation of the natural cell- 
structure. The normal histology of the ear. especially the complicated 
anatomical relations of the membranous labyrinth, cannot be success- 
fully studied without previously fixing the object. Particularly where 
the chief aim is to give prominence to special protoplasmic cell-forma- 
tions in the microscopical imago the finest methods of histological 
treatment must be employed, in order to demonstrate not only the 
microscopic structure of the exceedingly delicate portions of the 
auditory apparatus, but also to bring under observation those of the 
more important protoplasmic formations therein which may be chosen 
for the purpose. Besides the usual methods of fixing the preparations, 
the impregnation of the objects with metallic salts (osmium, gold) is 
largely employed, whereby — especially the nerve-elements of the in- 
ternal ear — the cellular terminal expansions of the acoustic nerve, by 
virtue of their peculiar chemical reaction upon these substances, 
present themselves in a distinct form and colour. 

The fresher the object, the more natural are the representations 
obtained by the fixing. Successful metaUic impregnations, in par- 
ticular, can only be obtained on perfectly fresh organs. The gilding 
methods used in neuro-histology (Freud) can only be employed to a 
limited extent in oto-histology, because the decalcification of the 
object, which must necessarily precede, commonly deprives the eell- 
protoplasm of its reducing power. 

It must bo accepted as a general rule that the organs of hearing 
under treatment, after removal of any superfluous j>ortion8 still 
attached to them, are to be immersed in the liquid direct, wilhout 
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havii^ previouflly been washed. Moat of the substances here employed 
being equally suitable as hardening, preservative, and even decalcifying 
media, the organ under preparation should be kept in the aslutton 
until sufficient hardening or decalcification of the soft parts has been 
eft'ected. 

1. Chromic Acid a^nd ite Salts. — Chromic acid in 0,1-1% 
aqueous solution has fixing, hardening, preserving and decalcifying 
properties, and forms therefore an excellent medium for our purposes. 
The only disadvantage it has, though only when kept in action too 
long, is that the preparations frequently assume an intense dark-green 
colour, through the reduction of the oxide of chromium, in con- 
sequence of which the soft parts of the organ are rendered unfit for 
staining with carmine, hismatoxylin, and aniline dyes. 

Most in use as fixing media are potassium and ammonium 
bichromicum in a 2°/ solution, and Miiller's fluid, a mixture of 2 
parts bichromate of potash, 1 part sulphate of soda, and 100 parts 
water. If these solutions be used in sufficient quantity and changed 
every day, we succeed in durably fixing the tissue structures of the 
ear in from one to three weeks, sometimes even in a few days, after 
which the decalcification can be proceeded with. 

2. An exceptional reputation in oto-histology has Tafani's fixing 
fluid. It consists of SO parts of a 0.4% aqueous solution of bichromate 
of potash and 20 parts of a 1% aqueous solution of hyperosmie acid. 
The two solutions are only to be mixed immediately before use. 
Leaving the preparations in the solution for twenty-four hours is 
sufficient to fix them, and to reduce the osmic acid. 

3. Good results are also obtained by employing Vlakovic's less 
costly chrom-aleohol fixing fluid, which 1 frequently use for fix- 
ing pathological preparations ; it consists of one part of a 5% 
aqueous solution of chromic acid, and IG parts of 5)0% alcohol, and 
efiects sufficient fixatiou in twenty-four hours. After-hardening in 
alcohol. 

A fixing fluid which is greatly to be recommended for normal 
and pathological organs is that of Urban Pritchard : acid, ohromicum 
cryst, 1 g , aqu. desL 20 g., alcohol 90" 180 g., in which the object is left 
for seven to eight days. 

4. For pathologico-liistological investigations, especially where it 
is intended to study pathological cell-proliferations, Flomming's fixiug 
method, now generally employed to show nucleus segmentation, is 
specially to be recommended. This solution consists of 15 parts 
of 1% chromic acid, 4 parts of 2% osmic acid, and 1 part of glacial 
acetic acid. The tissues, which should be as fresh as possible, are left 
for two or three days in the solutiou, and having been well washed, 
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they are decalcified, then hardened in alcohol, sectioned, and 
coloured with nucleua-Btaining aniline dyes (see Staining Methods), 

,5. Good results are also obtained from the 3% nitric acid medium, 
recommended by Altmann, which, on account of its excellent 
decalcifying properties, is well suited for oto-histological purposes. 
(The subsequent staining is to be effected with hiematoxylin,) 

6. ImpregTiaiion vntk Metallic Salts. — For oto-histological pur- 
poses the treatment with gold and osmium is to be preferred. By 
the action of the gold and osmium compounds on the tissue, not only 
an excellent fixing of the structural elements is obtained, but, what is 
of special value for the histological examination of the nervous 
and sound-conducting apparatus, the metal, owing to the reducing 
properties of certain tissue elements (nerves, epithelial cells, etc.), 
is precipitated in a tine granular form, while these elements them- 
selves appear sharply differentiated in the microscopical image. 
Metallic impregnations are, therefore, chiefly employed for the re- 
presentation of the vessels and nerves of the raembrana tympani, of 
the lining membrane of the tympanic cavity, and of the Eustachian 
tube, as well as of the nerve terminations in the saccules, ampuUie, 
iind in Corti's organ. Those portions of tissue which are to undergo 
metallic impregnation should, in as fresh a state as possible, and 
without previous treatment in any other way (alcohol, chromium, etc.), 
bo immersed in the fixing fluid, which must be kept in a brown bottle, 
and not exposed to the influence of the light. 

I, Gildinij. — The re-agent exclusively used is chloride of gold in a 
J-1% aqueous solution. The action of the metallic salt solution 
having taken effect, a weak solution of an organic acid (formic or 
iicettc acid) is employed to accelerate reduction. 

The peculiar ellect of the chloride of gold is that the axis- 
cylinders of the nerves and nerve terminations in the labyrinth 
iissume a colour from dark violet to deep dark-red. The vessels 
and nerves of the tympanic membrane, and of the lining membrane of 
the middle ear, the cell protoplasm of the various epi- and endothelia 
(mucous membrane, tympanic membrane, membranous labyrinth, 
etc.), show the same colour, but only when examined in a perfectly 
tresh state. 

Methods for gilding : {«) The frefeh organs, or portions of them, 
are first of all placed in a 0.5^^ solution of chloride of gold. The 
length of time they are to remain therein depends on the kind of 
tissue under treatment, and on the bulk of the preparation. 
Membranes, drumhead, lining membrane of the tympanum and of the 
Eustachian tube, saccules, and semicircular canals are left in it 
for a quarter of an hour, while more bulky tissues, tuba Eustach,, 



) OSMIC ACID FOR HI3TOLOUICAL PURPOSES. 197 



^^^^^^^^ASb OSMI 

^B tympanum, and the pyramid, require from half an hour to an hour. 

™ Then the gold preparations are exposed to the light, and for twenty- 
four hours kept in a fluid which contains 10 drops of formic acid for 
every 10 g. of water. With tissues containing much calcareous 

I matter, the gold solution must be taken stronger ; for Corti's organ, of 
about 5%. The objects assume on the surface a deep dark-violet 
colour. 
(b) Another method is to place the parts of fresh organs in a 
0.5^ solution of chloride of gold, to which is added a minute 
quantity of acetic acid, and to leave them in it for a quarter of an hour 
to an hour, until they acquire a straw colour. They are then washed 
in distilled water acidulated with acetic acid, and kept for twenty-four 
to forty-eight hours standing in a light place, until reduction has fully 
set in. The colour of the preparations has then become deep bluish-red, 
violet, blue, or dark gray. After-hardening in alcohol. 
(f) Dr. K Eerger, of Paris, gilds after the following method, which 
I have employed with advantage on Oorti's organs, taken from young 
animals immediately after they bad been killed. The objects are 
immoraed in a solution the composition of which is as follows: 1% 
chloride of gold, 1^ hydrochloric aeid, 23% glycerine, and 75% 
distilled water. In this the preparations remain six to eight hours, 
until they become of a dark-blue colour ; then, washing in water, and 

I after-hardening in alcohol. For decalcification I used a saturated 
solution of picric acid. 
((Z) Good reduction is also obtained by the use of amylic alcohol 
(1 drop to 10 g. water), which, after impregnation of the object with 
gold, is used either alone or combined with acetic or formic acid as a 
reducing agent. 
Stijhr boils S ccm. of a 1% solution of chloride of gold with 
S ccm. of formic acid in a test-tube, and then allows it to cool. In 
this mixture the object remains for an hour in the dark ; it is then 
washed in distilled water and immersed in a mixture of 10 ccm. 
formic acid and 40 ecm. distilled water, and exposed to the air. 
Reduction is effected in twenty-four to forty-eight hours. The pre- 
paration to be kept for eight days in the dark in 70%. then 90^, 
Alcohol. 

Impregnations with gold or with osmium prove ettectual only in 
the superficial layers, since the chemical changes resulting from the 
peculiar reaction in the tissues prevent the metallic salt solutions 

I from penetrating deeper. To obtain successful representations, < 
should above all be taken to b" " tJogueB which are to 
gilded into suflicient contact ' gold solution. 

When examining the linii •", and the 
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membranous structures of the labyrinth, these cavities must be 
opened in a suitable manner without doing injury to important parts. 
For tlie tympanic cavity this is done at the tegmen tymp. ; for the 
labyrinth, at the superior semicircular canal, or else by piercing the 
membrane of the fenestra rotunda. 

If it be merely intended to gild the tympanic membrane or the 
lining membrane of the Tympanum and of the Eustachian tube 
separately, it is necessary, in order to insure direct action of the 
metallic solution, to remove any accumulated secretion and epithelial 
deposit from their exposed surfaces, by brushing them over with a 
solution of common salt (0.6%), 

The after-hardening is effected in alcohol, decalcification in the 
case of petrous bones of alight consistence (young animals, embryos) 
by picric acid ; with consistent ones, by an alcoholic solution of 
hydrochloric acid or nitric acid (see Methods of Decalcification). 

II. Osmium Treahnent. Osmic acid in a 0.5-2% solution for 
fixing and reducing fresh tissues of the organ of hearing is made 
use of, where it is intended to represent bloodvessels, meduUated 
nerve fibres, and pathological fatty degeneration in cellular elements. 
As the red blood corpuscles become dark brown under the action of 
osmic acid, the vessels filled with them stand out as strongly marked, 
deep, blackish -brown strands from the rest of the tissues. All fat- 
containing tissues assume under osmium reduction a blue-black 
colour, so that the nerve medulla and fat-cells can be made easily 
distinguishable. Like the treatment with chloride of gold, osmium 
reduction is limited chiefly to the surface of the preparations, which 
makes it necessary to use all the precautions observed in gilding. 
The staining caused by the osmium reaction shows better on fresh 
preparations than on those previously hardened, especially when 
treated with alcohol, because the latter deprives the tissues of part of 
their fat. 

DlrectioTis. — Structures of this kind which are to be examined in 
part or as a whole must, according to their bulk, be placed in a small 
quantity (1-8 ccm.) of a 1-2% aqueous solution of osmic acid, and 
left in a dark place, until they are hardened and have assumed a 
blue colour (1-24 hours). After this, repeated thorough washing for 
several hours in distilled water, which is to be frequently changed, and 
to which a few drops of acetic aeid should be added ; then washing, 
for a like space of time, in a O.G% solution of common salt. Soft 
parts are to be preserved in alcohol, which should be gradually in- 
creased in strength ; hone must be decalcified according to one of the 
methods to be described further on, 

III. Chloride of palladiwui acts on the nerves and protoplasms in a 
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similar manner to that of chloride of gold. A combined osmiam- 
palladium method for fixing, and colour reduction of the membranous 
labyrinth, we owe to Dr. Schonlein, of Halle, the directions for which 
are here given ; The cochlea having been prepared out, after removal 
of the stapes from the fenestra ovolis, is placed in a 1% solution of 
osmic acid, and left in it for twenty-four hours. The preparation is then 
washed and immei-sed in a 0.1% solution of chloride of palladium, to 
which ten drops of hydrochloric acid arc to be added. This solution 
serves also for decalcification. It must be well shaken several times a 
day, and one drop of hydrochloric acid added each day until the 
decalcification is complete. The process requires from three to six 
weeks, according to the hardness of the bone. Then follows thorough 
washing, after-hardening in absolute alcohol, embedding in celloidin, 
and sectioning. 

The chromates, described in detail at the commencement of thia 
chapter, efl'ect also the hardening of the soft parts of the organ of 
hearing to that degree of consistence which is necessary to render 
them fit for cutting. The greater the quantity of fluid used, and 
the oftener it is changed, the more perfect will be the hardening. 
Owing to the drawback of frequently occurring coagulation images, 
the rapid method of hardening with absolute alcohol, which, if 
changed two or three times in the course of the day, will render the 
preparations perfectly hard and fit for cutting, is rarely used in oto- 
histology. 

When sufficiently hard, the object la thoroughly washed in dis- 
tilled water; for perfect hardening and further preservation it is 
placed either in alcohol gradually increased in strength, or, for the 
purpose of decalcifying it, in a suitable fluid (,see Decalcification). 

2. DECALCIFI (NATION, 

To decalcify the osseous structures of the ear, aqueous solutions 
of different mineral acid^ in various degrees of concentration are 
exclusively used. 

There are two methods of decalcification, one which occupies more 
time and is more preservative, and another (the so-called rapid 
method) which requires the acids to be used in a higher degree of 
concentration. Each of these two methods has its advantages and 
disadvantages, which shall bo duly considered in connection with the 
description of the various methods of decalcification. 

Every object which is to be decalcified, after having previously 
been subjected to a suitable process of fixation, is, before its inmiersion 
in the decalcifying fluid, washed in fresh water until the latter ceases 
to be coloured. Next, the osseous portion of the object is. as far as 
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possible, freed from fidhereiit soft parts, the dura mater in particular lo 
stripped oft' from the petrous bone, so as to allow the decalcifying 
fluid to act directly on the bone. The preparation must, by removal 
of all superfluous osseous parts with saw and bone forceps, be reduced 
to the smallest possihle bulk, and placed in a sufficient quantity 
of fluid, since decalcification is the more uniform and rapid the 
Bmaller the object, and the greater the quantity of the medium used 
in the process. 

The proceeding must be continued until the preparation has 
become soft throughout, and thus tit for cutting. The best teat for 
this is to thrust a tine preparing needle at various points into the 
petrous bone. If this can readily be done in many places, and if, 
especially in the osseous mass behind the porus acust. intemus, no 
hardness be I'omid (Moos), it may be assumed that the petrous bone is 
in such a condition as to be ready for cutting. If, however, on the 
needle being pushed in, resistance should be encountered in the 
deeper parts, this would show that there are still uudecatcitied 
portions, and the preparation must be left to the action of the fluid 
until perfectly decalcifled. 

Methods of Decahi^tifotiwi. 

1. Miiller's fluid, which has been repeatedly mentioned, and the 
excellent qualities of which, for fixing and hardening tissue, have 
already been pointed out, may, on account of its containing freo 
chromic acid, be advantageously used as a dbcalcifyiug fluid, but 
only for small osseous structures (ossicula), or comparatively soft 
temporal bones (of embryos, new-born infants, young animals, etc.). 
For the decalcification of petrous bones of adults it is not suitable, as 
the quantity of free chromic acid which it contains is only trifling. 
Even with small bones, or those containing little calcareous matter, 
it is necessary to use the liquid in abundant quautities, and to 
frequently change it (at first every day, later every third or fourth 
day). Five to ten drops of concentrated nitric acid, added at the 
end of the first week to half a litre of Miiller's fluid every time it is 
changed, will, without causing any injiu-y, considerably shorten the 
process, which, even with petrous bones of slight consistence, sucli 
as those of very young individuals, takes weeks to complete. 

For the histological investigation of organs of hearing taken from 

embryos, children, or young animals, this method has its advant^es, 

, because il preserves the elements of the connective tissue and nerve- 

I structures in a perfect condition, and the nerve- elements of the sound- 

L perceiving apparatus in the labyrinth admit, when decalcification han_- 
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been completed, of staining after one of the usual nerve-staining 
methods (Weigert's haBmatoxylin.). 

2. Chromic A cid Method (Waldcyer, Qottistein,Moo8). — For decalci- 
fying the petrous bone Waldeyer recommends an aqueous solution of 
chromic acid, with the following directions : The superfluous soft parts 
and osseous portions having been removed, the object is first placed 
in a weak solution of chromic acid (1 : 600), remains there for several 
days, is then transferred to another solution of the same acid of 1 : +00 
water, and after a similar interval to a stronger solution of 1:200 
water. This solution is now used aa the decalcilying fluid proper, and 
is to be renewed every five or six days, when, to shorten the process, 
2 g. of otticinal concentrated nitric acid are added to every 100 g. of 
the liuid. After perfect deculcitication, which with petrous bones of 
adults takes three months to complete, the preparation is quickly 
washed in water and placed for a few hours in spirit. Only then 
is it thoroughly washed and freed from acid by placing it for some 
hours under a stream of water until the latter flows oft'quite colourless. 
The further proceeding is to immerse the object in spirits of wine, the 
strength of which is to be gradually increased, absolute alcohol being 
used a few hours before sectioning. 

As a rule good results are obtainable by this method, as it has an 
additional advantage, the chromium being an excellent hardening 
^ent for the soft parts. It has, however, one drawback, viz. : that in 
the vicinity of the internal meatus there frequently remain undecalci- 
iied portions of bone (Moos) which, when the rest of the preparation is 
already soft, cannot be got rid of without Injury to the entire object, 
an exact histological examination thus becoming impossible. That the 
chromic and nitric acid decalcitication frequently causes alterations in 
the labyrinth, in Corti's and Deiters's cells, in the tunnel ribres, and 
Keissner's membrane (Ivatz), which may easily be mistaken for patho- 
logical changes, will be confirmed by those who have been making use 
of this method for some time. Besides, through want of sufficient 
care in the proceeding, it may happen that the objects become too soft 
and crumble away into a useless mass. 

3. Picric acid in a saturated aqueous solution is well suited for the 
decalciticatioQ of the petrous bones and ossicula of embryos ami 
children. When the study of the normal histological structures of the 
labyrinth is intended, the decalcification by picric acid may be pre- 
ceded by tbe gilding of these parts. To decalcify the hard petrous 
bones of adults picric acid is not to be recommended, on account of its 
comparatively slow action. 

4. Nitric Add Decalcijicatimi. — The fluid used in tbe process is 
made up of 100 parts water, 3^ parts nitric acid, and J of a 
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part chloride of sodium. The solution, which is to be used in larf(e 
quantities, is at first changed every day. Normal organs, on which 
the mucous membrane of the middle ear or labyrinth are to be 
examined, must before decalcification be fixed in Mliller's fluid or in a 
solution of osmic acid. In pathological cases I allow, as a rule, fix- 
ation in Vlakovic's solution to precede decalcification by nitric acid 
(see p. 195), But for the examination of the external and middle 
ear it is often sufficient to place the object in the medium direct, as a 
3% solution of nitric acid alone is an excellent means of hardening, 
and often used for histological purposes. Decalcification and softening 
are effected by this method in a perfectly safe and uniform manner 
without detriment to the soft parts of the organ. For the study of the 
pathological condition of the ear the nitric acid method is of special 
value, as by the action of the acid the karyokinetic figures are 
rendered visible. The decalcification of a human temporal bone is 
completed by this method in twenty to twenty-five days. The pre- 
parations are then well washed and preserved in 50^ alcohol. By 
rectified or absolute alcohol the decalcified bone is hardened to 
such a degree that it must be placed in warm water, or in warm 
dilute alcohol, to restore its consistence sufficiently to render it fit for 
cutting. 

5. Hydrochloric Acid Decalcijication, — For decalcifying the oigaa 
of hearing, hydrochloric acid should not be used in an aqueous, but In 
an alcoholic solution, on account of its causing the soft parts to swell 
out, Besides, it is advisable to add a small quantity of chloride of 
sodium to the acid solution. For the histological examination of the 
labyrinth the hydrochloric acid method is not to be recommended, 
because of its injurious action upon the labyrinthine structures, the 
macul. acusticiv, and Corti's organ, but as a rapid method when 
making topographical sections of the entire organ. We employ for 
our purpose a mixture consisting of 5 to 15 parts of concentrated 
hydrochloric acid, 1,000 parts rectified spirit, 200 parts water, and 
5 parts common salt. The latter counteracts the swelling out of the 
connective tissue caused by the hydrochloric acid. Large quantities 
of the liquid, and its renewal from day to day, are absolutely necessary 
if rapid and good results are to be obtained The washing and pre- 
serving of the decalcified organs to be carried out as in the previous 
method. 

3. EMBEDDING AND SECTIONING. 
When, by the proceeding explained above, the tissue-elements 
have been fixed and hardened, and the entire organ has been reduced, 
by the decalcification of its osseous parts, to a consistence which admits 
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of cutting, the preparatioQ must be embedded in the regular way, so 
that, during sectioning, the deUcatB structures of the middle ear and 
of the labyrinth may be retained in aitit. Embedding is indisponsable, 
not only when making sections of the tympanic membrane, of the 
articulations of the ossicula, and of the labyrinth, but also where it is 
intended to cut the entire organ into serial sections for topographico- 
hiatological and pathologico- anatomical purposes. It is obvious that 
the sound-conducting and sound-perceiving organs, suspended in the 
cavities of the temporal bone (tympanic membrane, ossicula and their 
articular connections, membranous labyrinth, saccules, ampullic, 
membranous semicircular canals, Corti's organ, can only be per- 
fectly preserved in sUu, on sections, if these cavities have been pre- 
viously filled with some medium which, at first fluid, but stifiening 
afterwards, will retain all the parts in their natural positions. If this 
is not done, some of the structures only loosely connected with the 
osseous walls of the middle ear or of the labyrinth might fall out of 
the section. Besides, these delicate structures are so liable to injury 
that, in order to prevent their being torn, it is requisite to entirely fill 
up the cavities with a medium which, though sutticiently firm, will 
admit of cutting, and allow, even in sections, all parts to remain in 
their normal connection and position. 

The older embedding masses — among which we mention mucilage 
(hardening in alcohol), glycerine glue (Huid when hot, firm at rooia 
temperature), paraffin (5 parts paraffin, 2 parts spermaceti, 1 part 
pare hog's lard), the mixture of oil and wax, the white of an egg 
— are, with the exception of paraflin, which is still made use of in 
some cases, of little value in oto- histology, since we have been 
made acquainted by Schiefferdecker and Duval with celloidin, an 
embedding medium which answers the purpose in every respect. 

Celloidin, a substance resembling collodion, is procurable in the 
trade as white transparent cakes, and lias the property, when mixed 
with ether and absolute alcohol (in equal parts), of gradually dis- 
solving into a syrupy fluid, which, however, again solidifies as soon 
as the dissolving medium is allowed to evaporate, or if dilute alcohol 
be added. 

1. Formula for the celloidin solution. 

For oto-histological purposes, three solutions in different degrees 
of concentration should always be kept in readiness : one thin-fluid, 
another somewhat stiffer, and a thick-fluid one. The first is prepared 
by placing 30 g. of chemically pure celloidin, cut into small cubes, 
in a vessel hermetically closed by a glass stopper, and containiog a 
mixture of 30 g. absolute alcohol and 30 e. «ii "iher. 

The second solution is obtained .rta 
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{25 g.) of alcohol and ether, in which 30 g, of celloidin are dissolved. 

Filially, the moat concentrated solution is made by dissolving 30 g. of 
celloidin in alcohol and ether (20 g. of each). With frequent shaking 
of the mixture, the solutions of the required consistence (oil or thick 
syrup) will be ready in a few days, and are to be used according to 
the directions which shall be given later on. 

I. Preparation of the structures of the ear for celloidin em- 
bedding. 

(a) The completely decalcified objects are tirst thoroughly washed 
in distilled water, which must be frequently changed, until they are 
perfectly freed from the acid. 

After this the tympanic cavity, semicircular canals, and cochlea 
should be opened according to the methods described, so as to allow 
the embedding substance to penetrate into the cavities of the temporal 
bone. 

(b) Then the preparation must be thoroughly dehydrated, because 
the celloidin could not enter any tissues, or tissue spaces, containing 
water. For this purpose the object is placed for twenty-four hours in 
dilute, and afterwards from one to two hours in concentrated, alcohol. 
When structures of the external and middle ear are under examina- 
tion, the specimen may be transferred direct from the absolute alcohol 

the celloidin solution. In the case of the labyrinth, however, 
where it is absolutely necessary that all the spaces should bo com- 
pletely filled with the medium, the preparation is taken from the 
alcohol into a mixture of 6 parts sulphuric ether and 1 part absolute 
alcohol, where it is to remain for at least twelve hours. 

(c) After this the preparation is placed in a weak solution of 
celloidin, where it remains from one to three days, according to the 
size of the object. Preparations of the external and middle ear may 

I transferred from this solution direct to the thick-fluid celloidin 
ass. Those of the labyrinth, however, in order that the embedding 
may be the more successful, are taken from the weak solution into a 
more concentrated one, and from this into the thick fluid, 

3. The organs, permeated with the celloidin solution, are taken 
out at the end of twenty-four to thirty-six hours, and placed in a 
small paper case of corresponding size, which has been previously 
filled to about one-third with partially-set celloidin. Then the most 
concentrated solution of the medium is quickly poured over the 
preparation, and left for two to three hours under a bell-glass to allow 
it to thicken by evaporation. After that the embedded object is 
transferred to SO^, and at the end of five to six hours to 70%, alcohol, 
where, in the course of twenty-four to forty-eight hours, the whole 
mass will set, and become fit for cutting. 
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Before embedding the preparations it must be determined whether 
they have not been over-hardened by the absolute alcohol, in which 
case they must be softened again in warm dilute alcohol. This 
proceeding should also be observed when the object has become over- 
hardened by the celloidin embedding itself, which frequently happens 
with preparations decalcified in the nitric acid and salt solution. 

In order not to miss the direction of the cut when making sections 
on embedded preparations, that surface which in the microtome comes 
to lie upwards is. before embedding, brushed over with carmine, which 
shines through the transparent medium. 

If the embedding is perfect, the celloidin, when set, must in the 
microscopic section completely surround all the tissues, and retain 
them in situ,. The medium being quite transparent in thin sections, 
it in no way interferes with the microscopical examination. The 
celloidin may easily be removed from the sections by placing them 
in a mixture of alcohol and ether for a quarter of an hour, clearing 
up being effected with oil of cloves. This should, however, not be 
done under any circumstances, when it is intended to examine those 
structures of the middle ear (ossicula, bridges of connective tissue) 
and in the labyrinth (saccules, ampulla^, semicircular canals, and 
cochlear membranes) which are only loosely connected with the 
osseous walls, because by dissolving the fixing medium these 
structures would fall out of the section. On the other hand, where 
the various parts of the oi^an are to remain in situ, care ought to 
be taken in any proceeding with the sections that the fixing substance 
be preserved. When sectioning the preparations, the blade of the 
knife must, therefore, not be moistened with absolute alcohol, but 
common spirit should be employed. 

Photoxyhn, which in recent years has been recommended as a 
substitute for celloidin for embedding purposes, has, in my own oto- 
histological investigations, not proved so useful. It certainly possesses 
the advantage of dissolving in a few minutes in alcohol and ether, but 
it has the great drawback that, during dehydration of microscopical 
sections in absolute alcohol, the photoxylin layer easily dissolves, and 
the preparation falls in pieces. 

Mention might here be made of the rather complicated method 
of paraffin embedding, as practised in the laboratory of Professor 
Klebs, of which I myself have no experience, but which, according 
to the statements of Dr. Rohrer. of Zurich, otfers many advantages 
for special examinations of the membrana tympani and of the laby- 
rinth. 

(1) The previously fixed and decalcified preparation is, for the 
purpose of dehydration, placed in absolute alcohoL 
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(2) From the alcohol the preparation is transferred to pure aniline 
oil, in which it remains at a constant temperature of 40" to 60' for 
twenty-four to thirty-six hours, until the object becomes of a glassy 
transparency. 

(3) After this the specimen is placed for twenty-four to thirty-MX 
hours in xylol, which during that time must be twice renewed, until 
the aniline oil has been completely got rid of. 

(4) Next the preparation is transferred to xylol, slightly mixed 
with paraffin ; and finally 

(5) Into pure melted paraffin of 56" C, under which temperature 
it is to remain for forty-eight hours. 

'S\''hcn the parattin mass has become cold and set, the preparation 
is taken out and cut in the microtome. 

The sectioning is carried out in the usual way. On the whole, 
cutting with a wcll-constriioted sliding microtome is for our purpose 
much to be preferred to all other methods, especially on account of 
the evenness obtainable in the sections and there being no loss of 
material, while the whole manipulation ia more expeditious. Where 
serial sections are required, this method is altogether indispensable. 
For several years I have been using the automatic sliding microtome 
of Reichert of A'ienna ; on rare occasions one of his hand-microtomes, 
which for small objects and for less minute examinations are quite 
sufficient. 

The decalcified osseous tissue offering greater resistance to the 
knife of the microtome than hardened soft parts, most preparations 
must, during the sectioning, be fixed in clamps, because fastening them 
simply upon cork with celloidin, as was formerly done, does not give 
the object sufficient firmness. 

■J. STAINING OF THE SECTIONS. 

We employ for oto-histological purposes principally the following 
dyes and staining methods : 

1. Cdmimc Stainiiig. — -Carminate of ammonia and Beale's carmine 
are specially adapted for staining decalcified bones and cell-proto- 
plasms, without colouring the nuclei. By leaving the specimens for 
twelve to twenty-four hours in a greatly diluted rose-coloured carmine 
solution (slow carmine staining), the sections take a beautiful colour 
(Stohr). 

Picro-carmine* is chiefly employed for pathologico-hbtologiea! 
examinations of the organ of hearing (pathological ossifications, de- 
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^^ fltructivfl and tuberculous osseous processes in the temporal bone, 
^f Tound-eell proliferation). It stains the osseous tissue brick-red ; the 
medulla and cell-protoplasm, as well as the muscular fibres, take a 
dift'use yellow colour ; while the cell-nuclei appear cherry-red. 

I Staining for five minutes, then immersion for half an hour in a 
hydrochloric solution of glycerine (1 : 100), then washing in water and 
alcohol. 
For rapid and durable nucleus-staining, alum-carmine* is also 
to be recommended (Grenacher), as it offers the additional advantage 
that the sections, even when left for a considerable time in it, do not 
become over-stained. Five to ten minutes are sufiicient to give a 
perfectly distinct colour. 
2. Eosin in a 5% solution, poured drop by drop into a watch-glass 
filled with distilled water or alcohol in which the sections have been 
placed, gives in a few minutes a bright-red colour, without differen- 
tiating nuclei and cells (rapid staining). We therefore employ it as a 
I ground-colour, to be followed by a suitable differentiating dye for the 
nuclei. This is ertected, after thorough washing of the sections in 
alcohol, by after-staining in hasmatoxylin, methylene blue, or gentian 
Tiolet. 
3. Haimatoxylin. — We prefer the hcematosylin-alum stain (hiema- 
toxylin 2.0, alcohol absol. 100.0, aq. destill. 100.0, glycerin, pur. 2.0, 
alum. pulv. 2.0), as mentioned in Friedliinder's microscopic technique. 
To be filtered every time before it is used. Does not stain well until a 
week after it has been prepared. In a few minutes the sections are 
coloured brown, but change to blue in distilled water, in which 
they must Le washed for a quarter of an hour to two hours. The 
^_ dye gives the nuclei, the decalcified bone, and its vessels a beautiful 

^^V Bacteria-Staining on Sections. 

^V To show the presence of micro-organisms on sections of the 
^P auditory organ, after it has been preserved in absolute alcohol and 
^B decalcified by nitric or hydrochloric acid (see Decalcification), we 
recommend Loftler's 'universal bacteria- staining ' method. When 
perfectly free from acid, the sections are left for five to ten minutes in 

Ian alkaline solution of methylene blue (30 ccm. concent, alcoholic 
methylene blue solution to 100 ccm. 0.01% solution of caustic pota.sh). 
Wash for a few seconds in 1^ acetic acid, then place in alcohol, clear 
up with cedar-oil, and mount in Canada balsam. AH schizomycotes, 
especially diphtheric micro-organisms ""il ""cci. as well as 

the mycelia of mould-fungi (w blue. 

.4luaiin. pulr. 5.0. 
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Bacteria may also be stained separately by Gram's method. Staining 
in aniline-gentian ; decolorization by alcoholic sohition of iodine, 

For the demonstration of tubercle-bacilli in sections of carious 
portions of the temporal bone, wo particularly recommend the staining 
method suggested by Ziehl-Neelsen. The solution employed is the so- 
called carbol-fuchsin,* in which the sections remain fifteen to twenty 
minutes. Decolorization with 25^^ sulphuric acid, washing in rectified 
alcohol ; after-staining (three minutes) in a watery solution of methy- 
lene blue. Bacilli red, cells and tissues blue. 

5. CLEARING AND MOUNTING OK THE SECTIONS. 

The further treatment of the sections after staining, up to their 
mounting under glass, is carried out after the following well-known 
methods : (1) Dehydration of the sections in absolute alcohol, according 
to their size and thickness, for five to fifteen minutes. (2) Careful 
lifting out of the sections from the alcohol by means of a metal 
spatula bent at a right angle to the handle, and drying with tine 
blotting-paper. (3) Clearing of the section. With preparations 
embedded in celloidin, this must be done either by steeping in 
origanum oil of the finest quality, or in aniline oil, ol. thymi,, cedar 
oil. On the other hand, the use of oil of turpentine and oil of cloves 
must be avoided, as these, through dissolving the celloidin, cause a 
milky cloudiness of the object, and dislocation of the more delicate 
structures. With paraflin embedding, however, the last-named oils are 
of great service, in so far as the preparations are not only cleared, hut 
the paraflin is also dissolved, without the transparency of the sections 
being thereby diminished. (4) Transferring the preparation with the 
metal spatula on to the glass slip, where, after mopping up the ethereal 
oil with blotting-paper, the sections are mounted in Canada balsam. 
Thick, not sufficiently transparent sections are cleared by adding a 
drop of xylol to the balsam ; generally, however, xylol (only to be 
employed in paraffin embedding) renders the objects too transparent, 
which sometimes makes the differentiation of the tissues a matter of 
greater difficulty. 

Sections which are to be preserved in glycerine are first of 
all washed in distilled water, then mounted in somewhat diluted 
glycerine, and the edges of the cover-glass cemented with black japan 
or white Frankfort lac. Celloidin sections do not alter in glycerine, 
but those embedded in paraffin cannot be mounted in that medium. 
Hections are now generally mounted in (_'anada balsam or Dammar, 
less frequently in glycerine. For the study of pathological changes in 

' Rp. Fuchain 1.0, Aloohol. absoL 10.0, Aq. carbol. G% 100.0. 
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I the structures, however, it is recommended to mount a few sections of 
a preparation in glycerine also, because some details stand out more 
6. SERIAL SET TIONS. 
For the making of serial sections, particularly of the smaller 
structures — cochlea, semicircular canals, transverse sections of the 
raembrana tympani, malleo-incudal articulation, system of cavities 
between malleus and incus and external tympanic wall, mucous 
lining of the tympanum, etc., where it is of importance to deduce 
from the series of sections the topography of the parts concerned — it 
is advisable to make use of the following method, practised at the 
zoological stations for the study of the smaller animals, and for the 
details of which I am indebted to Dr. Roller. 

Staining in toto (1) in Ranvier's picro-carmine solution, (2) alco- 
holic hiematoxylin solution, or (3) in borax-carmine. 

The piece of tissue is transferred direct from the alcohol to the 
staining fluid, and left there, according to its size, for two to four 
days (in borax- car mine, one to two days). It is then washed (de- 
colorized) in 70% alcohol (if boras-carmine be used, in acid alcohol). 
Duration of the decolorization. from a quarter of an hour to an 
hour, 

Then the preparation is, for the purpose of dehydration, placed 
for several hours in absolute alcohol. It is next soaked in turpentine, 
after that removed to a mixture of turpentine and paraffin (on a water 
bath of 60°), is left there for several hours, and for a like space of time 
in pure (hard) paraSin. 

After the embedding, the melted paraffin is made to set rapidly, 
by dipping in cold water, so as to give it a glassy, not white, snowy 
appearance. 

The glass slip is painted over with as thin a layer as possible of 
equal parts of collodion and oil of cloves ; the sections are placed upon 
it, and exposed for ten to fifteen minutes to a temperature of 60°, to 
allow the paraffin to melt and the oil of cloves to pass off. Thus, the 
section is firmly fixed upon the glass, which is then laid in a saucer 
containing turpentine, to extract the paraffin. The mounting in 
Canada balsam or Dammar is the same as with the other methods. 

For making serial sections of some particular parts of the organ 
of hearing, a method * devised by Dr. Ignazio Dionisio, of Turin, is 
recommended, a description of which is here given. The microscopic 
sections are arranged in their order on the shp, and covered with a 

• From Iha laboratory of Prof. Schenk in Vienna. 
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fine metallic net prepared for the purpose. By a special contrivance 
the net is fastened at both ends of the slip with two clamps, so that 
all the sections are fixed alike, none of them being pressed too hard. 
The whole of the preparations can be subjected to the usual treat- 
ment of microscopic sections, by placing the slip, still fixed in the 
apparatua, in the staining fluid, then aJcohol, and, lastly, in oil of 
cloves or origanum oil When the preparations have been sufficiently 
cleared in one of the last-mentioned oils, any superfluous oil is 
soaked up by gently pressing blotting-paper upon the net; this 
is then removed, and the sections are mounted in Canada balsam or 
Dammar. 

This method has the advantage that even the thinnest sections do 
not curl up during treatment in the various liquids, and that the pro- 
cedure of staining and clearing up, which with most of these methods 
takes a considerable time, is materially shortened. 

Some special methods of the microscopic technique, in particular 
those employed in the examination of Corti's organ and the central 
course of the acoustic nerve, will be discussed in the following part 
of the work, having for its object the description of the histological ex- 
amination of the various portions of the organ of hearing. 
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The Histological Examination of the Auricle asd ok the 
Cabtilaginous Keatus. 
For hardening and preserring the auricle and cartilaginous meatus, 
MuUer'a fluid (p. 195) is best adapted. The preparation, having been 
left for two to three weeks to the action of the medium, is washed 
for an hour or two in distilled water, and hardened for three to four 
days in alcohol, which is to be gradually increased in strength. The 
parts to be examined are embedded either in celloidin or in paraffin. 
or sectioned between elder-pith, stained with carmine, eosin, picro- 
carmine or hiematoxyiin, after which the sections are mounted, some 
in Dammar, others in glycerine. 

Sections of the normal auricle show; (1) The diameter (1-2 mm.) 
and the structure of the elastic cartilage, which proves to be fibro- 
cartilage. (2) The thickness of the perichondrium, the elastic fibres 
of which are connected, on the one side, with those of the auricular 
cartilage, and with those of the subcutaneous conuective tissue on 
the other. (3) The structure of the integument, which shows all the 
elements of the cutis, with this difference, that on the convex side, 
particularly on the concha, the papillie are very low, and that the 
numerous sebaceous follicles, with greatly dilated excretory ducts, 
empty themselves on the surface, while the sweat glands are here 
almost entirely wanting. Successful capillary injections of the cutis 
with carmine glue or Berlin blue yield beautiful representations of 
the arrangement of the bloodvessels, which may be traced from the 
cutis into the perichondrium. 

The histological examination of the cartilaginous meatus is best 
conducted on sections made perpendicularly to its long axis. For 
this purpose the cartilagino-membranous portion of the meatus is 
carefully dissected away from the osseous, then either embedded in 
celloidin or filled with paraffin, and sectioned in the microtome in a 
vertical direction to its long axis. The ring-shaped sections bring 
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into view the relationship of the circumference of the cartilaginous 
to the membranous portion of the meatus, and, with suitable staining, 
yield a clear representation of the position of the hair-follicles, of the 
acinose sebaceous glands, and of the ceruminous glands in the cutis 
(Fig. 131). The sebaceous glands {o o') discharge for the most part 
laterally into the hair-follicles (h h."). less frequently on the surface of 
the cutis. Below the layer of the hair-follicles there lie. in the sub- 
cutaneous connective tissue, rolled up like a ball, the ceruminous. 




Flo. 131. — Section through the cutla of the CRrtflftginoufl meatui oE a new-born ii 
h b' = hnir.folllcleii : m — opening o[ n hsir-follicle on the Hurface oE the cutis ; i 
mboceouH glands, dischargiDe laterally into the hair-follicle ; c a' ~ eectian througli tl 
coil of oeruuiinouB glande in the deeper layen i<f the cutis ; gg' = excretory duct ot tl 
ceruminoui! gland ; a — lateral diBcharge of this duct into the hair*fn11icte. Aft«T a 
preparation o( Dr. Gompeitz. 

glands (c c'), resembling the sweat glands. The diameter of 1 
glandular tube measures, according to Schwalbe, 0.1 mm., that < 
the glandular body, 0.2-1. .t mm. Their excretory ducts (g ff") j 
narrow (O.OI mm.), and open, according to Stohr, in children laten 
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into the hair-follicles (s), in adults on the surface of the meatus, close 
to the hair- follicles. Their brownish-yellow colour is often retained, 
even on stained sections. If the vessels are successfully injected, the 
fine capillary network with which the ceruminous glands and hair- 
follicles are enclosed may be beautifully demonstrated. 

In order to become acquainted wilh the arrangement of the hair- 
follicles and glandular elements of the cutis, and its epithelial lining, 
a series of cuts should be carried through the cutis, parallel to the 
surface of the meatus, consequently vertically to the long axis of the 
follicles and ceruminous glands. These have a cubical epithelium 
of a single layer (Stiihr), to which, estemally, a layer of smooth 
muscular fibres and a membrana propria succeed. The epithelium is 
■covered internally by a cuticular seam, which is especially distinct in 
Ladults. 

^1 Pathological preparations of the auricle and cartilaginous meatus 

^■intended for microscopical examination are subjected to the same 

^■treatment But objects hardened merely in alcohol also yield useful 

^Bflections. Suitable for simple alcohol hardening are especially : retro- 

B gressive changes in the auricle (age metamorphoses), and those 

peculiar connective - tissue proliferations and lacuna - formations as 

described by Pareidt and J. Pollak ; also the deposit of lime salts, 

gouty concretions, thickenings of the perichondrium, ossitications 

(Pochdalek, J. Pollak), etc. On the other hand, carcinomatous 

degeneration of the auricle, inflammatory iniiltration of the cutis, 

abscesses in the cartilaginous meatus, ruptures and fistulous tracts 

in the incisurse Santorini, and changes in the glandular elements of 

the cutis should always be fixed and hardened with chromic salt 

solutions, or Miiller's tluid. It is to he understood that in those cases 

where sections are examined for the ])resence of micro-organisms, the 

method described on p. 207 must be followed to demonstrate them. 






The Histological Examination of the Lining of the 
Osseous Meatus. 



As the lining of the osseous meatus is intimately connected with 
the periosteum, its histological relations are best examined on temporal 
bones that have been previously treated with Miiller's fluid and sub- 
sequently decalcified, and from which the osseous meatus is cut out, 
along with its cuticular lining. 

The cutis and the periosteum of the osseous meatus are in close 
iBCtJoii in of that triangular space before 
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mentioned (p. 56), which extends on the posterior superior wall, 
from the cartil^inous into the osseous meatus, the glandular elements 
are entirely wanting in the pars ossea. Hut the lining shows a spirally 
arranged ledge-shaped fold of the cutis (Kaufniann), which, on sections 
made verticaUy to the direction of the fold, shows a papillary arrange- 
ment Besides, there are found, especially at the inner portion, in the 
vicinity of the tympanie membrane, vascular papilla; which, particu- 
larly in the foetus and new-born infant, are strongly developed, and 
can be followed up ta the peripheral part of the membrane (M.oob). 
On injected preparations the entrance of the bloodvessels, accompanied 
by processes of the periosteum, can be traced from the cutis into the 
osseous walls of the meatus, and from here, not infrequently, into the 
mastoid process and the cavum tymp. These anastomoses explain 
the strong injection of the cutis in inflammations of the tympanic 
cavity and of the mastoid process. 

To demonstrate the relation of the dermic layer of the meatus to 
the membrana tympani, sections are made on decalcified preparations, 
in which the meatus has been left in connection with the tympanic 
membrane, the cuts being carried in the long axis of the meatus, 
some in a frontal, others in a horizontal direction. Very instructive 
are those frontal sections which show the transition of the cutis and 
its bloodvessels from the superior wall of the meatus on to the tym- 
panic membrane. 

In like manner the osseous meatus is histologically examined in 
pathological eases, where it is a question of becoming acquainted with 
the changes in the inflammatorily infiltratad cutis, or papillte, and 
polypous proliferations thereon, carcinomatous infiltration of the 
lining spreading from the cartilaginous meatus or from the parotid 
gland ; the histological condition of membranous and osseous stric- 
tures and atresite of the meatus, and the simultaneous alterations in 
its osseous walls. 

m. 

Histological Examination of the Membkana Tympani. 

The tympanic membrane, loosened from the sulcus tymp. (p. 75), 
may be subjected to histological examination by several methods. 

(a) MIstological Examination on Surface Preparations. 

This is proceeded with in various ways. 

1. In the fresh state, by the disBection of the memhTane into 
layers. For this purpose two fine pincettes are used, with which, 
starting from the annidus tendinosus, and proceeding towards tbi 
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'liandla of the malleus, the dermic layer is first separated from the 
.radiating fibrous layer, and then the latter from the circular fibrous 
layer (Toynbee, Von Troltscli). The work of preparing is the easier, 
as these layers of the tympanic membrane are only connected by a 
few bundles of connective tissue. The circular fibrous layer and the 
mucous membrane lamina, on the other hand, are so intimately united 
that their anatomical separation is impossible. The membrana 
tympani, dissected into three layers, and suspended in a small glass 
vessel by means of a thread fastened i,o the neck of the malleus (plate, 
p. lOX, Fig. VI.), furnishes an instructive object for demonstration. For 
microscopical examination the separated layers are cut off with a fine 
pair of scissors from the manubrium, then stained and mounted after 
the methods already described. 

2. After removal of the handle of the malleus, without dissecting 
tlic tympanic merabrane into (7-s vanoiw layers. With this object, 
after the membrane has been loosened from the sulcus, the tympanic 
layer covering the inner edge of the manubrium is slit length-wise 
■with a small sharp knife, then slightly drawn back from the lateral 
surfaces of the handle, and after that the entire hammer is carefully 
detached from the membrana tympani with a fine pincette. After 
pencilling over both surfaces of the membrane, it is either treated 
with hyperosmic acid (p. 19S) or placed in Mliller's fluid (p. 1E),5), In 
the former case the preparation being coloured brown by the process 
of fixation, dehydrated in alcohol and cleared, shows, besides the 
^direction of the fibres of the substantia propria, frequently also the 
bloodvessels of the cutis and mucous membrane layer, as well as the 
plexus of the cutis. The last-mentioned difierentiate well under 
;-gold treatment {Kesselj. By fixation in Miiller's fluid, the direction 
:0f the fibres in the tympanic membrane will only stand out strongly 
'marked after staining with eosin, alum-carmine, or hematoxylin. To 
examine both surfaces of the membrane, it is divided with a fine 
Ipair of scissors into several triangular segments directed towards 
ithe lower extremity of the manubrium ; they are mounted, some 
with the surface of the mucous membrane, others with that of the 
cutis, upwards. 

The examination of the outer aide of the tympanic membrane 
displays, on surface preparations behind the manubrium, after careful 
brushing over of the epidermic layer, a band-like stria passing at an 
acute angle to the lower end of the handle, so that there remains 
between it and the manubrium a transparent space in the shape of a 
triangle, directed downwards (cutis strand of Von Troltsch, Prussak's 
descending fibres). This fibrous band, radiating starlike at the lower 
extremity of the handle, is the continuation of a cutaneous stria. 
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passing from the upper wall of the meatus to the tjinpanic membrane, 
and gives passage to the btoodvessela and nerves which cross from 
the external meatus on to the membrane. The radiating vascular 
ramifications of the dermic layer, as well as the peripheral corona 
vascularis of the membrana tympani, and the vascular plexus behind 
the manubrium, appear especially clear on the membrane of the new- 
born infant, if the vessels be macroscopieally strongly injected, and if 
the object be treated in a perfectly fresh state with osmic acid. 
Kessel asserts that he has also demonstrated the presence of s 
fine network of lymphatic vessels in the dermic layer of the tympanic 
membrane. 

Although the direction of the fibres of the substantia propria, par- 




ticularly that of the radiating fibrous layer, can also be examined i 
successful surface preparations from the dermic side, it is best demo 
Btratod from the inner side of the membrane (Fig. ISli), The radiating 
fibres, which arise from the tendinous ring, and in places unite at an 
acute angle, converge in the lower segment towards the inferior 
extremity of the manubrium to become attached to its spatula-shaped i 
expansion (h). In the vicinity of this place of attachment there a 
partly through condensation of the radiating Hbres meeting there, 
partly through deposition of small cartilage - cells, the so-called J 
umbilical opacity of the membrana tympani (yellow spot, Trautmuin)j 
In the upper segment, the radiating fibres attach themselves to t' 
anterior edge of the handle, and appear sharply defined a* 
boundary of ShrapneU's membrane. Tlie inner circular fibrou 
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' (c) does not reach up to the outer periphery of the membrane. It 

appears most dense in the neighbourhood of the tendinous ring, while 
towards the centre it diminishes in density, and is lost close to the 
extremity of the manubrium. It is attached, with the greater mass 
of its fibres in the upper segment of the membrane, to the external 
surface of the handle, especially at the short process. 

On the inner surface of the membrana tympani there is an incon- 
atant, greatly varying, fibrous framework (Fig. 133), which belongs to 
its mucous membrane, and is most strongly marked on the posterior 
segment. This framework, being spread over, sometimes smaller, at 
other times larger spaces, is interrupted by roundish-oval interstices 
[.of varying size. The processes of the framework radiate towards the 




fia. 133,— Fibrous trabecular slrneture in the posterior aeginent of the innat auriace of the 
tjtnpanic membrioe in the adult.— n = large interBpace in the tinbecular atructurii ; b — 
(mall intenpace, through which a ibiii proceai paisea. 

tendinous ring and the manubrium, and in part become closely united 
with the fibres of the substantia propria. This trabecular structure, 
which has been described by Gruber as & dendritic formation of the 
membrana tympani, but which, in my opinion, is identical with 
the inconstant fibrous processes in the mucous lining of the tympanic 
cavity may be demonstrated under a low magnifying power, even on 
fresh preparations, after brushing away tho epithelium of the mucous 
layer; but it stands out more sharply on preparations stained with 

Limine or hotmatoxylia, and on such as have been treated with gold 

ftofauium. 

oanic membrane of the new-bom infant there are found. 
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on surface preparations of the inner side, chiefly towards the periphery, 
tbo.se papilla" tirst described by Gerlach, covered with pavement 
opithelium, and containing vascular loops which may be as readily 
found on fresh preparations as on tliose which have been preserved io 
Midler's fluid. 

The vascular network of the inner surface of the t_\Tnpanic mem- 
brane is best demonstrated on the new-horn infant by injecting the 
bloodvessels from the aorta, or common carotid, with liquid glue 
coloured with carmine or Berlin blue (Moos). Beautiful specimens of 
it may also sometimes be obtained on osmium preparations, par- 
ticularly if the membrane, in the fresh state, he already naturally 
injected. The closely meshed capillary network is developed out of 
an artery which runs parallel to the handle of the malleus. 

The fine, non-medullated nerve-fibres of the surface of the mucous 
lining, described by Gerlach, may sometimes be seen on gold or 
osmium preparations, and form, according to Keasel, a plexus, from 
which nerve filaments penetrate into the epithelium, Kessel has also 
succeeded, by treatment with nitrate of silver, in demonstrating a 
system of lymphatics in the mucous covering of the tympanic mem- 
brana 



{b) Histolorjical Exaininatiun of the Menibrima Tyvipani on 
Sectioiis. 

The structure of the tympanic membrane, especially its relation to 
the manubrium, can only be represented on sections made on one 
preparation, at a right angle to the long axis of the handle, and on 
another through the entire length of the malleus and of the mem- 
brane. For these examinations it is best to use a tympanic membrane, 
which has been left in connection with the annulus tymp. These 
sections offer the advantage of representing, at the same time, the 
relationship of the annulus tendinosus, and of allowing the various 
parts of the preparation to retain their relative positions better than 
would be the case if the membrane were loosened out of the sulcus 
tymp. 

As a matter of course, in all cases where the membrana tympani, 
together with its osseous frame and the manubrium, are to be sub- 
jected to microscopic examination, the slow decalcification of the 
osseous portions in picric acid, or in the nitric acid and chloride of 
sodium solution (p. 201), must always follow the fixing of the pre- 
paration in Miiller's fluid or Vlakovic's solution (p. 195), whioh 
requires eight to ten days. Embedding in celloidin or parafHn. In 
embedding with celloidin, staining with alum-carmine or hicmatoxylin 




HCAL EXAM. OF TYMPANIC MEMBRANE ON SECTIONS, 



219 



I must be avoided, because by over-staining the embedding medium 
the clearness of the microscopic image sufters. 

The appearance of the tympanic membrane on homontal sections 
shall first be discussed. In making serial sections in a horizontal 
direction through the membrane, it is best to begin with the upper- 
most part of the malleo-incudal articulation, and to continue the 
sectioning to below the extremity of the manubrium. This mode of 
proceeding has the advantage of affording information as to the ana- 
tomical details of the malleo-incudal articulation and the relationship of 

[ the space between the body of the malleus and incus, and the lateral 
wall of the niche. In the esamination of pathological preparations 
thia is of great importance, especially in those suppurative processes 
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Jio. 184.— Section thro gb the t i I t t — a - tpiiernic iojer ; 

b = cn^ Uyer ; c - \tjec of tj.\ i. I I t! l1 uiu (1 internt tial tptoex d - 

lajer of circolKi Gbraa e — mucouti lajer 

which run their course m this space and which are accompanit.d by 
perforation of Shrapnells membrane Referring as regards the 
anatomical relations of this re^on to a future chapter ne will here 
first discuss the structure of the tjmpamc membrane on transverse 
sections, the relations of the annulus tendinosus to the membrane, 
and those of the latter to the handle of the malleus. 

On microscopic sections of the tympanic membrane the following 
details may be distinguished from without inwards (Fig. 13+) : {1> 
The epidermic layer, consisting of stratified pavement epithelium, 
with its rete Malpighii (a) composed of cylindrical cells. (2) The con- 
nective-tissue stratum of the cutis layer, with its bloodvessels and 
nerves (b). This layer appears most strongly developed at and behind 
the place of apposition of the manubrium to the tympanic membrane ; 
it here attains a thickness of 0.4 mm, (Schwalbe), and in the 'wj'^Kt 
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■wa small papillary elevations, (3) The substantia propria, 
having outwardly the layer of radiating fibres (c), inwardly the 
circular fibrous layer (d), and between the fibre bundles the inter- 
spaces and lymph channels (Troltsch's corpuscles), which on trans- 
verse sections appear star-shaped, on longitudinal sections spindle- 
shaped, and have a linmg of endothehal cells. (4) The mucoun 
membrane layer (e), consisting of connective tissue, interspersed with 
elastic filaments, conveying a capillary network of bloodvessels, and 
covered by a non-ciliated pavement epithelium. 

The bloodvessels and nerves of the various layers of the mem- 
brane are examined on sections taken from preparations treated after 
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Fid. 13S. — Sectiun through the Miiiulus teudiiKuaH. 

through the periph.;™! portion at the tympanic mam brant.— su = sulcua tyinp., ' 

■nnulus tendinosue, Ihu fibres of which mergu, in wi u|jward direotion, into the r - I»jr« 
of radiating fibres of the tympmie membrane; on' = cutis of ibe lower wall of the eiterMl 
meatUH, c^ontinuous with tha cu — cutis laytr of the menibtona tymiiani ; c — sectioD of I 
Iho peripheral layer of radiating Bbres o( lb« tympanic inembraiiB ; s = luuoom layer of 
the tympanic membrane and of the tympanum witli iti epithelial coTering. After a pre- | 
paration in my cullectiuu. 

the gilding or osmic acid process ; the bloodvessels alone, also on 
membranes where the capillary injection has been successful. The 
largest transverse sections of the vessels and nerves of the cutis are 
seen on its thickened portion behind the manubrium. The peri- 
pheral vascular zone shows in sections numerous anastomotic con- 
nections of vessels, passing through the interspaces of the peripheral | 
part of the membrane to the mucosa. On the intermediate zone, 
lying between the manubrium and the periphery, some capillaries rim i 
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^H from the cutis into the substantia propria. From the nerve plexus of 
^~ the cutis Ressel saw small knotty filaments penetrating into the 
epithelium. 

Sections made through the decalcified osseous frame of the tym- 
panic membrane are adapted for the examination of the structure of 
the annulus tendinosus, and its relation to the membrane on the one 
side, and to the cutis of the external meatus and the mucous lining of 
the tympanum on the other. The tendinous ring (Fig, 135) appears 
on sections in the form of a triangle, the serrated base of which is 
inserted in the rough surface of the sulcus tymp. (su). At the apex 
of the triangle the fibres of the annulus tendinosus pass over into the 
radiating fibrous layer of the tympanic membrane (r), but some of the 




Fig. 136. — Section throneh the malteiia and the poiterinr tymjunic poucb at the level of the 
■hort prucesi of thHrnallens. — b = malleus ; br~ mrtilaginonH portion of itt short procem ; 
tr = posterior portion of the tjmpanic niembnuie ; fa = posterior fold of the tympanic 
membnuie ; ta — poaterior pouch of Von Trultsch ; * = mucoiu lining at the tympanic 

fibrous bundles of the tendinous ring may also be traced up to the 
periosteum of the osseous meatus, and to the mucous membrane of 
the cavum tymp. The texture of the ring consists of connective- 
tissue fibrilla-, interspersed with elastic fibres, which cross each other 
frequently, but contains, according to Schwalbe'a and the author's in- 
vestigations, no cartilage- cells. 

As regards the anatomical relations of the tympanic membrane to 
the handle of the malleus, the uppermost sections, made through 
Shrapnell's membrane and the neck of the malleus, show the topo- 
graphical relations between this membrane and the nec^" ' "'"* 
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hammer, and. on successful preparations, the anterior and posterior 
boundaries of Prussak's space. For an accurate knowledge of the 
limits of this cavity, however, vertical sections, corresponding to the 
long axis of the malleus, are required, to which we shall refer again 
later on. 

The horizontal series of sections, &om the short process of the 
malleus to the lower spatiila-shaped estremity of the manubrium, 
yields the following rppresentations r 

1. The section passing through the tip of the short process of the 
malleus and through the upper part of the posterior tympanic pouch 
shows (Fig, 13<j) the short process of the malleus (br). covered by n 
thick layer of cartilage-cells, which is intimately connected with the 
osseous substance of the malleus, and which is to be regarded, not as 
a peculiar cartilaginous formation of the tympanic membrane 
(Gruber), but as the residuum of the embryonic cartilaginous 
hammer.* Between the short process (br) and the osseous frame 
of the tympanic membrane (kn), the section of the posterior superior 
segment of the mombruno (trj appears covered, externally by the 
cutis, internally by the mucous lining of the middle ear. Medially 
from the membrane, the inner tympanic fold (fa) is stretched from an 
osseous ridge near the sulcus tymp. to the handle of the malleus, 
and forms, with the surface of the membrane opposite, the posterior 
pouch of Von Trdltsch (ta). The fibres of this fold are very similar 
to those of the substantia propria of the membrana tjTnpani (Von 
Troltsch). On sections of the anterior tympanic pouch, it is not in- 
frequently possible to follow the tense fibrous band of the ligamentum 
mallei ant. entering the Glaserian fissure, the chorda tymp., and, in 
the new-born infant, the longitudinal section of the long process of 
the malleus fproccssus Folianus). The mucous covering of the tym- 
panum (s) and the lining of the two tympanic pouches, which, in the 
adult, are thin and present only few transverse sections of vessels, 
appear in the now-born infant strongly tumefied, and show numerous, 
often very wide, bloodvessels. 

2. On a section made somewhat deeper (Fig, 137), the osseous 
ige (c), from which the inner tympanic fold (f) arises, appears more 

strongly marked, and the space of the pouch (t) larger. On sections 
made in this plane, we sometimes find this fold divided in the vicinity 
of the manubrium into two lamina; (compare p. 77), the outar of 
which is inserted on the posterior surface of the handle (v), while the 
anterior (a duplicature of the mucous membrane) passes to the 

' Heinrich Muller (ZeitBohrifC tlir wlaaeiuchafU, Zoob^e. Bd. ix.) proved, u early ss 
1856, tbe exietenie nf laf era of cartila)^ cells la the maaubtiutn of ^enrw-boTQ infant and 
of tbe adult. 
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truncated part of the inner and posterior edge (1). At the same time 
we notice the cross-section of the chorda tyrop. (ch) in its connection 
with the inner tympanic fold, and sometimes also inconstant filaments 
and fibrous fasciculi stretched between the membrane and the fold. 
I. The somewhat deeper section of the mamibriiim {Fig. 138), 




f Via. 13?.— Seclbn thruugh the upper part of the msnubriiim and of Ihu postarioc pouch of 
iha tyinpanJc membrane, nomcwhiil deeper than the previom one. — h = inner surface of 
the handle of the nialltui ; b = ila ontur edge ; p = section of the posterior superior 
Mgniont ••! loembrana tjmpani ; v' = its insertion in the uppermost portion of tbe suloui 
tjmp. : a = pieco of the anterior portion of the tympanic membrane ; f = inner poaterior 
fold of the membrane ; a — inHertion of this fold on a sharp obbcoub ledge, situated within 
the Bulous tjnip. ; v = insertion of the inner fold of the tjinpnnic membi 
poatfrior eurfnce of the manubrium ; 1 = mucous membrane lamella of the foil 
the inner surface of the handle ; t — posterior paocb of Van Trultsch ; 
tbe chorda tymp. After a preparation in my collection. 



fold passing to 





PipK). I3S. — Sootion thiougli the manubrium 
on a level with the p1sce of attachment ul 
the tendon of the tensor tymp. —  = 
anterior portion of the tympanic mem- 
brane ; p - its posterior portion ; b = 
■lanling bridge, forming the connection 
between tympanic memlirane and maou- 
briom ; t = attachment of the tendon of 
tbe tensor tjmp. After a preparation in 
my coUectioo. 



Fin. 13il, — Section Ihiougb the manubrium 
below the previous one. — a = anterior 
portion of tbe tymponia membrane ; p = 
its posterior portion ; b = slonting bridge, 
connecting tympanic membrane and manu- 
brium ; h — posterior edge of the handle 
of the malleus. After a preparation in 
my collection. 
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which passes through the tendon of the tensor tympani, is no longer 
triangular like the sections made higher up, but shows the outlines of 
an ellipsis, the long axis of which stands vertical to the plane of the 
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Tnembraoe. Whilo in the region of the short process, between the 
handle of the malleus and the tympanic membrane, there is close 
contact, the section through the middle portions of the manubrium 
appears connected with the membrane only by a narrow bridge, which 
passes, not from the outer edge of the handle, but laterally from it in 
a slanting direction towards the posterior portion of the membrane. 
Similar iu appearance are the next following sections of the maau- 
brium (Fig. 139) lying below the tensor tendon. 

i. On sections of the lower third of the handle, its edge is more 
closely in contact with the membrane, and the connecting surface 
appears broader (Fig. 140). The closest contact between raembraue 
and handle exists, however, at the lower spatula-shaped extremity of 





Fia. m. — Section thrnuRh the inl 
Bpatutft-ibupvd extremity of tbe bandle oE 
the molleui — a — anterior portion of tbe 
tympanic membrnne ; p ^ its pontei 
portion ; V v' = oondenaation of the tie 
of the mombrsine at the lateral port! 
oF the mBDubrium ; h = inner border of 
the latter. 



Pig. ho. — Section through the middle 
portion of the munubHtim. below the pre- 
vious one. The apposition o( the handle 
of themalletu to the tympanic membrane 
ii here broader and ctoeerthao in the npper 
portions. — a = anterior portion of the 
meinliiana tympaui ; p = it^ posterior 
portion ; h — inner border u( the manu- 

the latter (Fig. 141), this flattened portion of the hammer being sur- 
rounded on all sides by the here very dense tissue of the tympaoia 
membrane. 

The mode of attachment of the radiating and circular flbres at the 
manubrium is, notwithstanding the investigations hitherto made, not 
yet quite clear. That the radiating laj'er is attached with the 
greatest mass of Its fibres to the lower part of the handle, while the 
circular fibres are inserted at the upper portion in the region of the 
short process, may be taken as an established fact. The statements 
as to the relationship of the fibres of the substantia propria to the 
middle portion of the handle, on the other hand, require rectification, 
That the radiating fibres in the middle portion of the manubrium 
pass, as some suppose, everywhere crossed over to its surface, I could 
not quite convince myself. So far as it is possible to form an opinion 
from sections, I was able to see, even with a low magnifying power, 
t^at in the upper as well as the middle portions of tbe manubrium 
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(compare Figs. 13S and 13D), chiefly the fibres of the posterior superior 
segment of the membrane(p),passover to the handle, and unite with the 
periosteum of its surfaces, directed towards the tympanic cavity ; that, 
however, the fibres of the anterior superior segment, running along 
the edge of the manubrium, meet the fibres of the posterior segment. 
Only in the lower third of the handle (Figa 1+0 and 141) does there 
seem to be a crossing of the fibres on their passing from both sides to 
the edge of the manubrium. 

The study of horizontal sections should be supplemented by a 

series of vertical sections of the tympanic membrane. Those pa,ssing. 

I through the anterior portion of the osseous frame vertically to the 




i 



I 
I 
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—Vertical auctioa Chmugh the Qialleuii, Shrapnell'ti membrane uid tfae mulleu-in- 
eud&l niche. — a - he«l nF (be iniUlGUg ; h = proceuuB brevig mallei : g = membiaum 
Sbrapnelli ; e = tnornr. lympjnious : e = PriiMak'n iipMB ; l> = lignmenlum mallei eitt, ; 
f = incoDstftnt fiamcwnrk between tho membrana Shiapnelli and the liKSmeDtum mallei 
oxt. 1 d d — inconstant brid;;eB oC miicuiia membrane in ths malleo-incudal niche. After 
a prepantion in my collection. 

Glaserian fissure allow, on successful preparations, the sections of the 
ligament, mallei ant., of the chorda tymp., of the art. tymp., and, in 
the new-born infant, the section of the proc. Folianus, to be dis- 
tinguished. 

The most important vertical sections of the tympanic membrane 
are those made through the entire malleus, Shrapnell's membrane, and 
the malleo-incudal niche. To guard against useless slanting sections, 
the embedded preparation must be so fastened in the microtome that 
the cut passes exactly through the long axis of the malleus. The 
transparent celloidin, in which the hammer shines through, is, for this 
purpose, an indispensable embedding medinm. The relationship of 
Shrapnell's membrane to the malleus having been previously discussed 
(see pp. S+ and following) it need here only be observed that Prussak's 
space, situated above the short process of the malleus, as also 
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the roalleo-incudal niche (Fig. 142), show numerous varieties, and 
that the ligam. mallei extern., passing from the crista capit. mallei 
to the incisura Rivini, is, in the majority of preparations, inserted 
only on the anterior portion of the incisura; that, however, the 
posterior part of the ligament, below the tapering incisura (margo 
tymp.), unites with Shrapnell's membrane. 

The methods of histological examination of the normal tympanic 
membrane are generally employed in pathological cases also. Whether 
in any special case the examination is to be made on surface prepara- 
tions or on sections will always depend upon the nature of the morbid 
changes present. With atrophic membranes, or where cicatrices and 
thin calcareous deposits are found, surface preparations are preferable 
to sections, if the object be to represent clearly the extent of the 
pathological change on the surface, the partial or total absence of the 
fibres of the substantia propria, the disposition of the epithelium, and 
the course of the bloodvessels. The two methods may, however, be 
combined with one and the same preparation, one piece of it being 
used as a surface preparation, the other for sections. The latter 
method is especially to bo recommended in cicatrix formations on 
the tympanic membrane, where it is to be ascertained from which of 
its layers tho cicatricial tissue has grown, and what is the relation 
of the thickness of the membrane as compared with that of the 
cicatrix. 

On the other hand, when the membrane, through inflammatory 
infiltration or connective-tissue proliferation on its dermic and mucous 
layers, through polypous hypertrophy, calcification, or ossification, 
has increased to several times its normal thickness, tho preparations 
can only be histologically examined on sections. Where information 
is to be gained as to the relation of the pathologically altered mem- 
brane to the manubrium, it is necessary, after previous fixation, to 
soften the handle by slow decalcification, the same as with normal 
preparations (see p. 200). This also applies to markedly calcareous 
and partially ossified membranes. As, however, these become con- 
siderably altered through decalcification, it is advisable to examine 
some pieces of the morbidly changed membrane undecalcified. 

In the histological examination of the various morbid forms of 
the tympanic membrane it is necessary, according to the results of 
previous research, to consider the following changes: 

1. In the epidermic portion of the cutis layer, considerable pro- 
liferation and superposition of the epithelium, pigmentation of the 
same, formation of small bead-hke globules, with epithelial (Urbant- 
schitsch) or cholesterine contents, cone-shaped proliferations of the 
deeper epithelial strata into the cutis layer (Moos), i 
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2. Iq the cutis layer proper : serous, purulent, and hasmorrh^ic 
infiltration of the connective-tissue stratum, dilatation of the blood- 
vessels, hypertrophy of the cutis through cell-proliferation, new for- 
mation of connective tissue and of bloodvessels, the springing up of 
granulations, polypi and villous excrescences on the surface, fibrous 
tissue thickening of the cutis layer; finally ulceration, destruction, 
cicatrices, and partial atrophy. 

3. In the substantia propria : serous and purulent infiltration, 
thickening through connective-tissue new growth, atrophy, calcareous 
and osseous deposits, fatty degeneration, and pigmentation. 

4. On the mucous membrane layer : hyperemia, swelling, hyper- 
trophy through round-cell prohferation and connective- tissue neo- 
plasm, polypous formation, pigmentation, perforation, and cicatriza- 

' tion. 

rv. 

Histological Examination op the Lining Membrane of the 

Tympanic Cavity. 
The knowledge of the normal structure of the mucous membrane 
of the tympanum is of great importance for forming an estimate of 
the pathological changes therein, because it is here that those morbid 
processes, which so frequently are the cause of disturbances of hearing, 
run their course. 

The normal mucous lining of the tympanic cavity is subjected to 
histological examination on surface preparations and on sections. 

1. Exainination on Surface Preparations, 
The most beautiful surface preparations are obtained from the 
promontory, from which part the mucosa may be detached in larger 
pieces witliout disturbing its continuity. This is done simply by 
means of a small knife rounded off at the point, with which the 
mucous membrane is pressed away from the inner wall of the ost. 
tymp. tubje, backwards up to the vicinity of the two labyrinthine 
fenestrie. Particular care must be taken while manipulating in the 
neighbourhood of Jacobson's nerve, because here the mucous mem- 
brane is most intimately connected with the subjacent bone. 

Far more difficult is it to obtain surface preparations from the 
other walls of the tympanum. One may certainly succeed in loosen- 
ing small portions of the membrane from the smooth malleo-incudal 
niche, from the posterior wall of the tympanum, the lateral osseous 
wall of the EuBtachian tube, and from the sinus tymp. (Steinbriigge) ; 
I but from the other parts of the cavity, especially from tbo ivd^g^ 

\^— =1. 
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infoi'ior and upper walls, where tho mucous membrane either sinks 
into the irregular depressions, or bridges them over, only small par- 
tides can be stripped off, which are not of much use for examination. 

The normal lining membrane of the tympanic cavity in the fresh 
state is little adapted for histological examination. The best surface 
preparations are obtained if the entire organ of hearing, or oven the 
detached pyramid, be first placed in Miiller's iluiii, or else in Vlako- 
vic's or Urban Pritchard's solution (p. 195), the loosening of the 
membrane being only proceeded with after the preparation has been 
fixed and soaked in water. By staining with eosin or alum-cannine 
the various tissue-elements become so clearly ditferentiated that in 
the microscopical examination of surface preparations which have 
been mounted in Canada balsam or in glycerine, it is possible to 
recognise the contours and nuclei of the epithelium, and, by deeper 
focussing, the disposition of the fibrous filaments in the connective- 
tissue layer, and not infrequently also the course of the larger vessels 
and nerve-trunks. 

In order to examine, on surface preparations, the blood- and 
lymphatic vessels in the periosteal layer, the detached lining mem- 
brane must bo mounted with its periosteal surface directed upwards. 

The network of bloodvessels in the mucous membrane of the 
tympanum is rendered visible for microscopical examination in 
various ways: 1. By injecting the arterial vessels from the common 
carotid, or from the aorta by means of carmine glue or Berlin blue. 
But even when this is most carefully done, it is only seldom that 
perfectly successful injections of the capillaries are obtained. 2. Bj^ 
the action of 2% hyperosmic acid (p. 108), through which the re^l 
corpuscles in the finest capillaries are stained brown, so that the 
bloodvessels appear in the microscopical image as dark wavy lines. 

If the pyramid, separated from a fresh preparation, he subjected 
to osmium treatment, the dark vascular network of the lining mem- 
brane on the promontory may be recognised, even with an ordinary 
magnifying lens. In addition, there are seen on the surface of the 
mucous membrane minute black dots in varying numbers, which, 
according to my investigations, are to be regarded as the points of 
entrance of larger bloodvessels of the mernbrane into the osseous 
wall of the promontory. For a more detailed histological examina- 
tion, the lining membrane on such preparations is detached from the 
bona after the manner already described, and the preparations are 
mounted, some with their epithelial, others with their periosteal, side 
upwards. 

Less reliable for the representation of the bloodvessels of the 
mucous membrane of the tympanum is the gilding method (p. 190). 



 Hut 
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But tho nerve-trunks und ihe finer ramifications of the nerves are 
moat beautifully shown in GUccessful gold preparations, while the 
finest and most delicate nerve-plexuses, which wind round the blood- 
vessels of the mucous membrane of the promontory and of the tube, 
appear markedly differentiated in the microscopical image. 

On osmic acid preparations also, not infrequently, in addition to 
the bloodvessels, the nerve-trunks and their ramifications in the 
mucous membrane are brought clearly into view. On successful 
osmium preparations I have often seen in the vicinity of the larger 
nerve-trunks ganglion cells arranged in groups, and especially fre- 
quently near Jacobsou's nerve, and in the angular spaces which the 
branches of that nerve form with the nerve-trunk. 

The e.^araination of the pathologically altered lining membrane 
of the tympanum on surface preparations is also advisable where 
there is a slight degree of thickening of the mucosa, allowing such 
clearing up of the tissues as will be necessary for histological pur- 
poses. In hypertrophy of the membrane through round-cell proli- 
feration developed in the course of chronic middle-ear suppurations, 
or in polypous hypertrophy, the examination on surface preparations 
is impossible, and the alteration of the structures can only be repre- 
sented on sections. Very instructive surface-preparations are, how- 
ever, obtained in those middle-ear suppurations which have run their 
course, where the mucous membrane is pale, smooth, and only very 
slightly tumefied. These, when fixed in Miiller'a fluid or in Vlako- 
vic's solution, show, on the side of the epithelium, the sharp contours 
of the latter, here and there varicose veins and cyst-like spaces, and 
on the periosteal surface the varicose expansions and club-like rami- 
fications of lymph vessels (Fig. 143), first described by me," and, 
besides these, well-defined cyst-spaces lined with epithelium. 

2, Examiytation of the Lining Membrane of the Tympanic Canty 
on Sections. 
This method makes us acquainted with the structure of the lining 
membrane of the tympanum in the superficial and deeper layers, and 
the relative position of the bloodvessels and nerves therein. The 
lining membrane, when detached from the bone, not being suitable 
for sections, on account of its thinness, it is advisable to cut it in 
connection with the decalcified bone. This has the advantage that 
the mucous membrane is retained in situ on the section by the decal- 
cified bone, and the bloodvessels of tho membrane in their relationship 
to those of the adjoining osseous wall, and any consecutive patho- 
logical changes in the bone itself, are represented simultaneously. 
• Lehrbuoh d. Ohrenheilk. 2. Aofl. S, 287. 
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The fixing of the tissue-elemenls, the decalcification and subse- 
quent microscopico- technical procedures are the same as before 
described. The bloodvessels and nerves are examined on prepara- 
tions treated with hj-perosmic acid and chloride of gold. 

The lining membrane of the tympanum shows, on sections of the 
different walls of the latter, a varying degree of thickness. The 
epithelium of the membrane on the promontory (Fig. 144) is a 

I simple pavement epithelium, but on the other walls, according to the 
investigations of KoUiker, a ciliated columnar epithelium, which, 
according to Brunner, shows tapering basal cells ; according to Kessel. 
also goblet cells. The c"nn(?i'tivo-fis;-;iie stratum consists of fibrillar. 



Fio. la, — Diluted network of lymphaCic veaaeU in the lUeper U;eri of the ooTering of the 
pri<miiuturj' in a phthisical indiriilual, 27 jean old, who had utarrhccit Blnoa childhood. 
{Hight car.) Hactnack OI<j. 7. 

reticulated filaments, while in the layer corresponding to the perios- 
teum the dense prolongations of connective tissue are placed parallel. 

On microscopic sections of the mucous membrane of the tym- 
panum in decalcified preparations, which have been injected or 
treated with hyperosmic acid, it is easy to determine the relationship 
of the bloodvessels in the superficial and deeper layers of the mucosa. 
The superficial vascular network reaches as far as the epithelial layer, 
and in the new-bom infant vascular loops are seen to enter the villi 
(Moos) and papilhu (Luca?). 

The bloodvessels in the deeper layers, accompanied by the OMi- 
nectivo- tissue processes of the periosteal layer (Fig. 144), penetrate 
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into the bone covered by the membrane, to become connected with 
the bloodvessels of the same. On some preparations I have also 
found bloodvessels passing in a spiral course from the surface of the 
mucosa into these fissures in the bone (c'). On the promontory it is 
possible, as I was the first to point out," to demonstrate, on successful 
osmic acid preparations, anastomotic communications of the blood- 
vessels in the mucous membrane of the middle ear with those of the 
lining of the labyrinth, by means of vessels running in the osseous 
wall. 

Glandular elements are found in greatly varying numbers only in 
the anterior portion of the tympanum, corresponding to the ost, tymp. 
tubffi. In the middle and posterior part of the cavity they are wanting, 
or occur but seldom, and then only isolated. AVendt, by boiling the 
membrane in acetic acid, has demonstrated the presence of mucous 
glands on the promontory. 




Flo, H4.— Saction through the mucoua memhrsiie of the promontory (dBcalcified anmc »c«i 
prejmmlion).— a = epithelium ; b = .ection ..f . bloodvtsael in tha conneotive-tiMUc lay«r, 
k branch of which penetrates inio the (iinDel-iihaprd dapresaion of the bone : c - blwid- 
■tcwbI, pwising from the gurt»c« of the lining into the bone j d d = oibboub wall -, e e - 
funnel -nhaped deptewiona in the bone, where the peri(»te«l layer of tho mucous Unma 
enlara ; ( = section of a large nerve liunk in the connective-tiBsae lajer with the muooiia 

The already-mentioned (pp. 165 and U2) inconstant folds and fila- 
ments stretched in the tympanum consist of a connective- tissue base, 
which is covered with an epithelium, and the fibrous bundles of which 
radiate in the form of a fan. By the side of and between these folds, 
knotty filaments are stretched both in the tympanic cavity and in the 
antrum mast, which, as I was the first to demonstrate-f (Fig, 145), 
prove in the microscopical examination to be oval or angular stalked 
formations with a stratified, bulb-like structure. Tho stalk (a), 

• Wiener med. Wochenschrift, 137U. U. Aroh. f. Ohrenheilk., Bd. SI. 

t Ibid., I8(i9, 20 Nov., a. Arch. Ohrenheilk., Bd. V, 
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entering the rounded extremity, passes sharp]}' defined through tho 
structure, and emerges at the opposite end, to become attached to the 
prolongation of a fold, or to the osseous wall. For the examination 
of these small bodies, which may attain a size of 0,1 — OH mm., organs 
Bre suitable in which, after removal of the tegm, tymp. et mast., the 
folds of mucous membrane and filaments alluded to will be found in 
considerable numbers. If this frequently web-like spreading network 
be loosened with a fine pincette, then removed, stained with eosin or 
alum-carmine and placed on the slide, a number of these stalked 
formations will commonly be discovered between its fan -shaped 
fibrous processes. 

For the study of the pathologico-anatomical changes in the lining 
membrane of the tympanic cavity, the examination on sections is 
indispensable. This is especially the case in hj'pertrophies of the 
membrane caused by chronic catarrhs and suppurative processes, 
where sections alone will enable us to examine the changes of the 
epithehum, the superposition of its layers, the degree of round-cell 




Fic. 145.— Pedunculated rnnuntion from the tympuiic caiiCy at an adult. 

and connective -tissue neoplasms, the presence of papillary and 
polypous excrescences on the surface of the lining and cystic spaces 
therein, the changes in its blood- and lymphatic vessels, and in the 
osseous wall covered by the membrane. But even with a not 
markedly hypertrophic membrane — -ey., in some forms of middle- 
ear sclerosis— the examination on section preparations cannot be 
dispensed with, when it is a question of ascertaining the finer 
structural changes in the mucous lining. 

THE HISTOLOGICAL EXAMINATION OF THE PATHOLOGICAL CHANGES I» 
THE TWO LABYRINTHINE FENESTR*:. 

The technical proceeding in the histological examination of the 
morbid changes in tho two fenestne and in their niches requires, 
considering the physiological importance of this region of tho 
tympanum, a more detailed discussion. 

First, as regards the changes in the fenestra ovalia and its niche, 
the direction of the cut will have to vary according to whether the 
pathological alterations in the niche alone, or, at the same time, also 
those at the Hgamentum orbiculare stapedis, are to be brought under 
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fbxaminatioQ. In the first case, the cuts are made parallel to tbo 
Finner tympanic wall through the decalcitied pyramid, previously 
I reduced down to the capsule of the labyrinth. Such sections 
r(Fig. 146) show the circumference of the nicho of the fenestra ovalis, 
I its mucous lining, and the relationship of the semilunur sections of 
r the crura of tlie stapes. Sections made in this direction through the 
r normal ear show the disposition of the connective- tissue bridges and 
t filaments, stretched in varying numbers between the crura of the 
I stapes and the wall of the niche. These narrow bridges form, on the 
J' Betting in of an inflammatory process, a predisposing cause for the 
I commencement of anchylosis of the crura of the stapes. In patho- 




Vio, US. — Anchjloria of tbe crara of th« lUpca ivith the lower ttkll of the peh-ii ovalU, 
from tbe left tu ot a woman 48 f ears of age, who, while Buffering from ootiBtaDt tinnitus, 
had grodo^j twcaaie de&f {20 fears on the left, 10 yaut on the right tide), and wtio died 
in ODe of the charitiea. Microacople aeotiun through the pelvis ovaliii and Ilie crura o[ Ihe 
' BUpes. — p = pelvtB oTtdia ( o = upper wall of the niche of the fenestra ; a = mucous 
lining of the lower wnll of tbe niche, which has become changed into sclerosed tissue ; 
■t Bt = sections of the aucb;losed crura of the stapes, enveloped In deiitu ecleruBcd con- 

logical investigations such parallel sections prove especially instructive 
for the study of anchylosis of the crura of the stapes with the lower 
wall of the niche (Fig. 146), and for the purpose of showing the 
relationship of the crura in those excessive connective-tissue pro- 
liferations which, wholly or in part, fill up the niche, and envelop the 
I stapes on all sides.* 

A second mode of sectioning, in order to represent the normal 
I and pathological relations in the fenestra ovalis, consists in carrying 
I horizontal cuts parallel to the two crura of the stapes in such a way 

* Compare A. Politzer: Sur les cliangemeiit^ pathologiigues duns la (enetro oikle et dans 
mi* haitte ronde, qui «s produisetit chez les affections de roreille moyenne. Comptes' rendus 
 ~du IVme Congrta otologirjuo k IJnixelleB, 18SS. Public por le Dr. Ch. UeUta.ticV.ft.V'*^'*- 
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that several cuts meet the greatest longitudiQal diameter of the foot- 
plate, the two crura, and the capitulum (Fig. 147). These sections 
offer the advantage that not only the connective- tissue and osseous 
adhesions occurring between the crura and the walls of the niche 
become clearly visible, but also the histological changes in the fibrous 
ligament of the oval window, and in the cartilaginous covering of the 
stapedio-vestibular articulation. The number of serviceable sections 
obtainable by this method is, however, limited to two or three at 
most, because all those made above and below the greatest diameter 
of the fenestra must meet the stapedio-vestibular articulation in a 
slanting direction ; and, if the cut pass beyond the margin of the fenestra 
ovalis or of the stapes, they will prove of little use for examination. 




Fio. U7.— Hurimtital wct'on Ihromjh the ilapei and the niche ol the fenentra oimlis.— 
= cipllulum .tapedis ; b = htna sUpsdis ; 00' = leolion of the border of the tenettr* 
nvslia, covered wiib cartilage 1 n n' = Qiche of tho faiiHetra ovalia ;  a = section of tba 
ligainentuin urbiaulare atupcdU ; 1 = aormal mucoua- membrane bridge between the nicha 
of the feaeatrti ovalis and the crua of the stapes. After a prepsration in my coUectian. 

The direction of the cuts here described corresponds to the 
course of that piece of the facial nerve which passes above the 
fenestra ovalis. If, therefore, they are to meet both the capitulum 
and the two crura, the preparation should be so embedded that the 
knife of the microtome may move parallel to that piece of the nerve. 

A third mode of making microscopical sections through the 
labyrinthine fenestrie is the frontal. It offers the advantage of 
allowing the changes in the oval and round windows to be examined 
at the same time (Fig. 148), 

For making frontal sections, tho preparation must be so fastened 
in the microtome that the posterior extremity of the pyramid i 
directed upwards. If it be intended to examine the two fenestra^; 
together with the labyrinth, the cuts carried in this direction will first 
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r. bring the transverse sections of the Bemicircular canals into view. 
Should these show nothing abnormal, the entire portion of the 
pyramid lying behind the fenestne may, to save time, be removed, 
aad the sectioning through the fenestra; at once proceeded with. 

As the frontal cuts fall perpendicularly to the long asis of the 
toval window, a greater number of useful serial sections for the 
^examination of the histological changes in the stapedio-vestibular 
Articulation is obtained than by carrying the cuts horizontally. On 
the other band, the more exact anatomical relations of the crura of 




H^b: 



Fm. 143.— Frontal aeotionof the inntrlympttDicWBllthrouah the two Ubyrinthine feneatTK. 
— H = basis atapedii ; n = niche of thu fpnetit» oialii with a portion o[ the cma of ths 
stapes, which hu been divided nbliquely ; o = upper, u — lower wall o( the niche ; pr — 
section of the prnmontory with its mucous centring : m = membr. fenestrffi rotiindiE ; 
nr = niche of the faneatra rotunda ; p — luminn spiralia necundaria ; f — section uf thu 
n. facialis ; v — vestibule. Af Eer a preparation in my colloctiun. 

the stapes to the walls of the niche will not be visible on frontal 
sections. 

The anatomical relations of the membrane of the fenestra rotunda, 
and the normal and pathological formations occurring in its niche, 
present themselves most clearly in sections of this kind. Here we see 
in the normal organ of hearing (Fig. 148), the insertion of the mem- 
brana fenestras rotundae (m) in the groove, its thickness and structure, 
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the mucous covering of its outer surface, its relationship to the lamina 
spiral, secundaria (p), and sometimes, in the niche of the fenestra (nr). 

a trabecular structure of connective tissue stretched in exceedingly 
varying form between the walls of the niche. It is evident that, in 
acute inflammations of the lining membrane of the middle ear, the 
exudation secreted in the niche of the round window is retained in 
the spaces of this structure, and that pressure upon the membrane 
must cause disturbance of hearing to a high degree. There is also no 
doubt that in chronic inflammatory processes, particularly in middle- 
ear suppurations, the normal folds and bridges in this niche supply 
the foundation of excessive round-coll and connective-tissue prolifera- 
tions, which fill up the niche and adhere to the membrane of the 
fenestra. The formation of such connective-tissue plugs, which block 
the niche, may, however, also proceed from its inflamed mucoua 
membrane. 

The frontal cuts through the two labyrinthine fenestra, moreover, 
oSer a sjHjcial advantage, as they yield a perfect section of the pro- 
montorial wall {Fig. 148, pr), and of its mucous lining, as well as of 
the covering of the labyrinth, which will enable us to examine the 
morbid changes occurring there, and their relations to the vessels of 
the osseous wall of the promontory. In addition to this, such cuts 
render it possible to examine any alterations in the section of the 
facial nerve (f ), in the vestibule (v), and in the commencing portioQ 
of the cochlea. In pathological coses whore, simultaneously with tl 
changes in the niches of the fenestrje, the morbid processes developin| 
in the labyrinth are also to be investigated, it is advisable to cut tl 
entire pyramid, from the anterior end of the cochlea to the postern 
extremity of the horizontal semicircular canal, into serial sections, o 
which, in addition to the pathological appearance in the mucoi 
membrane of the inner tympanic wall, the strnctural changes in tl 
cochlea, vestibule, semicircular canals, and in the trunk of the acoust 
nerve, can be represented. 

V. 

The Histological Examination of the Osskula. 

FoK the histological examination of the ossicula and their articuU 

connections, only decalcified preparations can be employed. 

1. MaUeO'Incudal Articulalion. 
To obtain serial sections of the malleo-incudal articulation, afte 
dividing the tensor tendon and the incudo-stapedial joint, the pal 
tymp,, with the tympanic membrane and the molleo-ineudal comiei 
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tion, are separated from the pyramid and fixed in one of the before- 
enumerated solutions (p. 195), or in hyperosmic acid, and slowly 
decalcified (picric acid or nitric acid). The preparation, embedded in 
celloidin. is cut perpendicularly to the long axis of the malleus and 
incus — that is, parallel to the rotation axis of the malleo-incudal 
joint. The objects, fixed in the chromic acid solutions, are subjected 
to double staining in alum-carmine or eosin, or in eosin and hema- 
toxylin. Oamic acid preparations require no further staining. The 
same method is also employed in the examination of the other 
articular connections of the ossicles. 

In the horizontal section of the malleo-incudal joint (Fig. 149) the 
two small bone.s are connected by means of a capsular ligament (c), 
which is attached to the depressed margins of the articular surfaces, 
and pennits ample mutual displacement of the bones. A connective- 

^BIFlB. lis.— Section thmiigh thL< mftUeu-inoudiLl articulaUoD. — > = tOklUu* ; b = inciu ; o = 
^ capBuUr ligHinent witli the wedge-abuped nieDiBCDB. Prepontlon treated with hjperoBinio 

tissue cartilage, first observed by Pappenheim (l.e.), and accurately 
described by Riidinger, is seen projecting, in the form of a wedge- 
shaped meniscus, from the inner wall of the capsule into the cavity of 
the joint, and adapting itself closely to the cartilaginous surfaces of 

»the malleus and incus. 
2. Incudo-Stapedial Articulation. 

On a decalcified organ, after removal of the togmen tymp,, the 
tendon of the m, stapedius, the crura of the stapes, and the long 
process of the incus are divided with a small pair of scissors, and 
the ineudo-stapedial connection, thus loosened, is lilted out. The 
embedding and cutting (horizontal) require great care, on account of 
the sraalhiess of the object. Successful sections of this joint ace 
occasionally obtained when sectioning the entire organ in horizontal 

The ineudo-stapedial joint (Fig. 150) is formed by the concave 
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articular surface of the capitulum stapedis (g) and the corresponding 
convex surface of the ossicul. lenticulare Sylvii (o). Both surfaces are 
covered with a thin layer of hyatioe cartilage. The fibrous capsular 
ligament, which connects the extremities of the joint, allows ample 
lateral displacement of the same. The articulation is not an amphi- 
arthrosis (Brunner), but a true joint, provided with a cavity (Gisell), 
the hollow of which is divided into two clefts by a meniscus of fibrous 
tissue (Riidinger). 

3. Stuped io-Vcstihular Connection. 

In order to examine the normal relations of this joint, the 
separated pyramid, after previous fixing in chromic acid solutions or 
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Fk). ISO. — SectioD Ibrough the incuda atapedial articulatloa — a — termlnkl pie 

long cruB o( the inona, And conneclod wich it hy gbniuj tissue o — aesicnl. lentic. S;M( -j 
' Bt = capitulain etipedie , g — articulkr tout, with the meniacus , c c' = hyaline oartilaRal 
covering of the arHcolaj sarlacca , k It _ articular capsule m = tendon of '" " 

in hyperosmic acid, is slowly decalcified and embedded in celloidin or I 
paraffin. The colloidin embedding has the advantage of allowing the I 
stapes to shine through, so that the direction of the horizontal orfl 
frontal cut (p. 233) through the fenestra ovalis can be accuratelyM 
determined. This is very important, as slanting sections, which giv< 
indistinct images, are to be avoided. 

.The margin of the fenestra ovalis (Fig. 151, a) and the foot-plate o 
the stapes (b) are covered by a layer of hyaline cartilage (Toynbi 
Magnus), which is continuous over the whole of the foot-plate (Eisell)J 
This cartilage layer is to bo regarded as the residue of that part of thq 
foot-plate which is derived from the labyrinthine capsule (Gradenigo) J 
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Lficording to my investigations, this layer of cartilage is very thin on 

he vestibular surface of the stapes — at times, however, so thick that 

f in some places it reaches as far as the tympanal side of the stapes. 

I At the margin of the fenestra ovalis it sometimes descends deeply into 

I the osseous tissue, and occasionally I have seen it extending outwards 

towards the wall of the niche — i.e., to a spot which lies outside the 

atapedio-vestibular connection. 

The fenestra ovalis and the edge of the foot-plate are connected 
I through a fibrous elastic ligament (c), the radially disposed fibres of 
I which are intimately united with the perichondrium. 

The histological examination of the articular connections of the 
I ossicula in pathulogical cases is made according to the same methods 
L observed with normal preparations. Considering the physiological 
I importance of the ossicular chain, it is hardly necessary to enter more 
I fully into details to show the value of these examinations for the 
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I pathology of the organ of hearing. In anchylosis of the malleo- 

I incudal articulation, in caries of the malleus and incus, with eon- 

I nee tive- tissue masses in the upper tympanic space, by which these 

 bones are enveloped, the microscopic sectioning of the joint must be 

effected in a horizontal direction. In anchylosis of the hammer-head 

with the tegmen tymp., again, in all cases where the relations of the 

malleus and incus to Shrapnell's membrane, and to pathological 

isses occurring in the maSleo-incudal niche, are to be clearly 

hown, sectioning in a frontal (vertical) direction will have to be 

lecided upon. The incudo-stapedial articulation is always cut hori- 

iUtally. Of the pathologtco-histological changes in this part little 

I is as yet known. The cuts through the stapedio- vestibular connection 

I ate carried in a horizontal or frontal direction (p. 234), in case the 

\ relationship of the crura of the  leous processes 

I in the pelvis ovalis is to be I the micro- 

I BCopicaJ examination alter ■uctural 
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changes in the -cartilage lajer (oalcareoua incrustations, atrophy, 
fusion), in the hgam. orbiculare staped. (shrinking, calcification, 
ossification, destruction), and at the foot-plate (thickening of the 
periosteum of the surface of the labyrinth, hyperostosis, wearing 
away, etc.). 

VI. 

HisTOLOLJic'Ai, Examination of the Intra-Tympanic Muscles or 
THE Ear. 

The disposition of the muscular fasciculi in the osseous canals 
enclosing them (p. flS), and the relations of the two intra-tympanic 
muscles to the tendons, are esamined on decalcified organs, both on 
horizontal and transverse sections. 

1. MuBCulua Tensor Tympani 

Microscopical sections in the long direction of this muscle are 
made by carryinfj a series of cuts horizontally through the entire 
decalcified organ. In order to obtain specimens which, in addition to 
the muscle, show also the longitudinal section of the tensor tendon 
and its attachment to the handle of the malleus, the tegmen tymp. is 
so far removed as to allow the tendon to become visible; it will then 
be possible to fasten tho embedded preparation in the microtome in 
such a way that the knife passes simultaneously through muscle, 
tendon, and manubrium. On transverse sections of the muscle, 
obtained by sectioning the entire organ in frontal series, it is possible 
to demonstrate tho varying form of the outline of the muscle, and 
the marked tapering of its anterior extremity springing from the 
cartilaginous tube. 

The muscular fasciculi of the tens. tymp. arise, according to 
Hehiiholtz, from the periosteum of the upper surface of the canal ; the 
tendon of the muscle can be followed for some distance into the canal. 

2. Muacidus StajK/lucs. 
On tlie pyramid, which after separation from the pars tymp. has 
been decalcified, the muscle is sectioned longitudinally correspond- 
ing to the direction, elongated backwards and downwards, of its 
tendon. Successful sections show the pyrifornri shape of the pennate 
muscle, the exit of its tendon at the apex of the eminentia pyra- 
midalis, and the insertion of the tendon below the capitul. stapedis. 
On transverse sections the muscle appears, according to my exami- 
nations, triangularly prismatic. The statement of Zuckerkandl, 
that between the muscular bundles of the m. tensor tymp. and 
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H m. Stapedius, adipose tissue is here and there deposited, I can confinu 
H from my own preparations. 

H Transverse sections of the m. stapedius meet also the descending 
H portion of the nerv. facialis, which allows the topographical relations 
" ' of these two to be represented. In the new-born infant one finds a 
more or less constant communication between the eminentin stapedii 
and the canal, facialis, so that the muscle and the nerve come into im- 
mediate contact ; in the adult the separation of the two spaces is more 
complete, but here, too, one very often meets gaps of various sizes on the 
posterior portion of the eminentia stapedii* adjoining the facial canal. 

rThe examination of the intra-tympanic muscles in pathological 
18 haa already been discussed (p. 100). 
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Histological Examination of the Eustachian Tube. 
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The structure of the Eustachian tube, the relations of its cartilaginous 
and membranous portions, as regards form, the position of the mucous 
glands and their discharge into the canal, the mode of insertion of the 
tubal muscles, are most comprehensively illustrated by sections made 
transversely to the long axis of its canal. Longitudinal sections are 
only made use of to represent microscopically the union between the 
cartilaginous and osseous portions. 

For the purpose of making transverse sections of the cartilagino- 
membranous portion, the tube is prepared out, together with the 
muscles inserted therein, according to the method described on p. 104. 
Fixing, hardening, and embedding are etfected after the general 
methods, details of which have been given before (p. 19-1). Where the 
relationship of the Eustachian tube to the basilar fibro-cartilage and 
to the neighbouring vessels and nerves is also to be esamined, the tube, 
with the corresponding piece of the basis cranii, is sawn out, and, after 
sufBcient fixing, decalcified in chromic acid solutions. Best adapted 
for this purpose, because less bulky and more quickly decalcifiod, are 
organs of new-bom infants. 

On transverse sections of the cartilagino-membranous tube (Fig. 
152) the medial cartilaginous plate (a) appears bent over at the upper 
edge in the form of a hook (b). 

Close to the insertion of the cartilagino-membranous part in 
the osseous portion of the tube, the media! cartilaginous plate is 
narrower than where it is bent lateraUy. Lower down, however, the 
breadth of this plate rapidly increases, while the 1 "ii 

ibur dim VerhiilCniSB dei '^ 
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is turned in, forms, along the whole tube, a narrow strip, which roofe 
over the tubal canal. 

At the convoluted extremity of the cartilage hook is inserted 
the para membranacea of the Eustachian tube, which passes below 
into the fascia salpingo-pharyngea, forming, with the cartilage hook, 
the lateral wall (i) and the floor (d) of the tube. In the vicinity of 
the hook the pars membranacea is thinner than in the lower portion, 
and its thickness increases from the ost. pharyng. tuba: towards the 
upper portions bein^ strengtheued by the addition of fibrous tiasue 
from the spma angularis of the sphenoid bine and by a small rod of 
cartilage pushed mto this ti'isue (Zuckerkandl) 

The relations of the space (c) formed by the cartilage hook (b) 
below the spot where it is twisted vary m the several sections of 




d = floor 
epitheliui; 



■TraDiTene BMtioii throngb the cutilnginons Eustachian tube.— a = 
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the tube. In the portions lying near the osseous part of the tube, 
there is no contact of the walls of this small space, while in the 
middle portion the contact of the medial and lateral walls is com- 
plete. 

The mucous membrane, which has numerous folds, especially in the 
lower part of the tube, shows a ciliated cylindrical epithelium, 
with basal and goblet cells (Schultze). The greater mass of the 
strongly developed acinose mucous glands lies in the mucous mem- 
brane covering the medial cartilaginous plate. On successful sections, 
the excretory ducts of these glands may be followed as far as their 
lateral discharge into the tubal canal. The glandular layer reaches 
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,p to the perichoudrium ; not infrequently, however, single plands 
extend through the inconstant fissures of the tubal cartilage, as far as 
the connective tissue outside the Eustachian tube. In addition to tho 
mucous glands there are found, from the ost. pharyng, tubje to the 
osseous Eustachian tube, numerous follicular glands (Gerlach), and in 
the lower portion of the tube in the adult scanty adenoid tissue. 
Finally, the transverse sections here sketched throw light on the 
relationship of the tubal muscles to the cartilagino- membranous part 
of the tube. The bundles of the tensor palat. mollis (g) (abductor 
tubie, Von Troltsch) arising from the cartilage hook, correspond in 
their course with the lon^tudinal direction of the muscle, while those 
of the ra. levator palati mollis (h), passing along the floor of the mem- 
branous tube, Appear in the transverse section. 

Transverse sections of the osseous part of the Eustachian tube 
show the outline of the canal to be, anteriorly, that of an irregular 
triangle ; posteriorly, that of a quadrangle. (Compare pp. 3!) and follow- 
ing.) The mucous membrane contains glands, though fewer than the 
cartilaginous portion. At the ost, tymp, tubne we find on the medial 
and lower walls papillary elevations of the mucous membrane. 

The structural changes in the Eustachian tube in pathological 
cases are also examined on transverse sections. The most striking 
alterations in the tube are met with in chronic diffuse catarrha, and 
chronic suppurations of the middle ear. The epithelium is frequently 
cast off, or transformed into one of several layers, permeated with fat- 
globules and pigment. The mucous glands are either hypertrophic. 
the acini and e.^cretory ducts dilated, or wasted by atrophy. The 
submucous connective tissue is either traversed by round cells, or 
thickened, condensed, and shrunken fay new formations of connective 
tissue, whereby the tubal canal may be narrowed in various degrees. 
Adhesions in the canal are of rare occurrence ; most frequently they 
are caused in chronic middle-ear suppurations, through the formation 
of granulations at the ost. tymp. tuboi. The tubal cartilage shows, in 
pathological cases, either a normal stat«, or atrophy, fatty degeneration, 
calcareous deposits, and pigmentation. 

Addenda. — For the histological examination of the processus 
mastoid, in the normal organ of hearing, frontal sections of decalcified 
preparations are best adapted. These sections show the outlines of 
the antrum mastoid., the shape and arrangement of the pneumatic 
cell-spacGs of the mastoid process, and their relative position to the 
antrum, the section of the very delicate mucous-membrane linio" "f 
the latter, and of the pneumatic cells, and, not intie 
ramified trabecular structure of connective tissue. 
the antrum, with the already-described (p. 232'^ 
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stratified corpuscles. Besides, on sections of partly diploetic mastoid 
processes (p. 106), the characteristic difterences between pneumatic 
cells and the diplo&tic spaces can easily be determined. If the cut 
through the mastoid process meets also the sinus transversus, not in- 
frequently the openings of the veins of the mastoid, passing along the 
osseous wall of the sinus into the sinus transversus, may be observed. 
In pathological cases, microscopical sections through the de- 
calcified mastoid process are prepared chiefly when the pneumatic 
spaces are filled up with new-formation of connective tissue, in 
ebumation of the mastoid process, and in cholesteatomatous formation 
therein, exceptionally only, in carious or necrotic processes. It will 
depend on where the seat and extent of the pathological change in the 
mastoid process may he found, whether, in a given case, the section is 
to be made horizontally or frontally. 



Histological Examination of the Labtrihth. 
The histological examination of the membranous labjTinth is one 
of the most difficult tasks. This will be understood if we consider 
the complicated relations of the membranous labyrinth, the peculiar 
way in which it is fixed in the osseous capsule, and the extreme 
delicacy of the terminal organs of the acoustic nerve apparatus, which 
are displaced on the slightest mechanical interference. 

Notwithstanding the unusual interest which, since the epoch- 
making discovery of Corti, prominent anatomists such as KdlUker, 
Max Schultze, Deiters, ISottcher, Waldeyer, Gottstein, Hasse, Ldwen- 
berg, Ranvier, Retzius, Kuhn, Urban Pritchard, Winiwarter, Nuel 
and others have directed to the investigation of the histological rela- 
tions of the labyrinth, the microscopical dissection of its .structures 
remained up to recent times imperfect, and it is only of late years, 
especially through the perfection of the methods of decalcifying 
and embedding, that material progress has been made in the further 
development of the normal and pathological histology of the 
labyrinth. 

For the study of the histology of the normal labyrinth, the 
majority of the above-mentioned anatomists used organs of newly 
killed animals, most frequently of guinea-pigs and cats. Indeed, cir- 
cumstances are less favourable for obtaining perfect microscopical 
preparations of the labyrinth in the human subject than in animals, 
where, immediately after death, the organ can be placed in one of 
those chemical Huids which effect differentiation of the tissue- 
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elements of the labyrinth only, when the objects are perfectly 
" Jh. 

In the human subject, on the contrary, where the post-mortem 
exftminatioD is, by law, not allowed to be undertaken until twenty- 
four hours after death, the labyrinth undergoes, in consequence of 
decomposition setting in, changes which interfere with the histological 
examination. To this must be added that in chronic disease of any 
organ, or in general disease ending fatally, the tissue changes develop- 
ing in the whole organism must also affect the auditory apparatus, 
and alter the tissue-elements of the labyrinth to such a degree as to 
render the histological examination very difficult. This fact must be 
reckoned with when examining pathological labyrinths, if errors re- 
specting their condition are to be avoided. 

To obtain serviceable preparations of the human labyrinth, organs 
of younger individuals should be selected where death ensued after 
acute diseases, which had run their course rapidly, or where it 
occurred suddenly through apoplexy, paralysis of the heart, or 
through suicide, etc. As, however, the microscopic preparation of the 
labyrinth requires considerable experience, it is advisable to practise 
by making microscopical sections of the labyrinths of young guinea- 
pigs and cats. 

The most beautiful microscopic representations of the normal 
membranous labyrinth are obtained by the treatment of fresh oi^ans 
with hyperosmic acid (p. 198), with the solution of Tafani (p. 196), 
or with chloride of gold (p. 196). The latter is chiefly employed in 
the preparation of Corti's organ, for the purpose of showing the con- 
nections of the nerve- filaments of the acusticus with the hair-cells. 
While referring, for the respective details of the work of preparing to 
the methods previously described, wo will, in addition, give a method 
employed by Dr. Katz, of Berlin, for the representation of Corti's 
organ, which, to judge from the preparations kindly sent to me, 
yields excellent results. 

The preparation, in as firesb a state as possible, is first placed in a 
i% solution of osmic acid {30 com. of fluid), and left in it for about 
ten hours. To this liquid is to be added four times the quantity 
of a mixture of chromic and acetic acid (i% chromic acid, and 1^ 
glacial acetic acid). After three to four days, only the quantity men- 
tioned of the chromic and acetic acid solution is renewed, and the 
preparation again left therein for about four days. Next follows the 
decalcification of the petrous bone in a 3 to 5^ solution of nitric 
acid, according to the size and consistence of the object. After com- 
plete decalcification, the bone is, for the purpose of hardening, 
dehydrated in alcohol, and embedded in celloidin. 
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The embedding is the more successful if the superior semicircular 
canal be opened wiih a file, and the preparation placed first in the 
thin, and then in the thick-fluid celloidin solution (see ' Celloidin 
Embedding.' p. 203). 

The addition of the acetic acid in this proceeding is very im- 
portant, as it causes the chromic acid to penetrate into the tissue 
better and more quickly. With very dense human petrous bones, 
Katz employs, for the purpose of decalcitication, hydrochloric acid 
and chloride of palladium (Waldeyer), which is frequently more efi'ec- 
tive and rapid in its action. 

Regular fixing of tho tissue -elements, slow and careful decalcifica- 
tion, and complete filling np of the labyrinthine cavity with celloidin, 
ate, therefore, the principal conditions for obtaining successful sections 
of the labyrinth. 

The sections intended for the examination of the labyrinthine 
structures arc made in a horizontal or frontal direction ; for the study 
of the anatomical and topographical relations of the membranous 
UbyriQth both methods of sectioning are indispensable. 

1. Histological Examination of the Structures of the VadibuXe 
on Horizontal and Frontal Sectiona. 

Series of horizontal and frontal sections of the pyramid in the 
new-born infant will give a general view of the topographical position 
of the two vestibular saccules and of the ampulla. The horizontal 
sections are made parallel to the upper surface of the pyramid. The 
uppermost portion of the vestibule shows the rountlisb section of the 
sinus utriculi super., which is, at its entire circumference, in con- 
nection with the vestibular wall by means of a finely-meshed con- 
nective tissue. On sections lying somewhat deeper there appears, 
behind the utriculus, the section of the ampulla superior with its 
crista amputlarts, and if the cut has been in the right direction, also 
the discharge of this ampulla into the utriculus. In a still lower 
section passing above the fenestra ovalis (Fig. 153), the utriculus (s), 
into which the ampulla extern, (a) discharges, shows an oval form; 
its diameter appears here smaller than that of the upper part of the 
sacculus (r), called by Retzius sinus utricularis sacculi. Here, too, 
the saccules are nearly everywhere attached to the wall of the vesti- 
bule by a delicate network of connective tissue, the interstices of 
which are filled with perilymphatic fluid. AVhere the anterior wall of 
the utricle is in direct contact with the posterior wall of the saccule 
(septum vestibuli), we find the 2 — 4 mm. broad macula acustica 
utriculi (na), with which the utricular branch (n) of the ramus vesti- 
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buli of the acoustic nerve becomes connected, and the more detailed 
description of which remains to be given. The macula acuatiea 
flacculi (na'), lying on the anterior wall of the saccule, to which a 
separate nerve branch (n') of the ramus vcstibiili passes, is narrower 
(1.5 mm. Schwalbe). According to my examinations,* there eiiat 
anastomotic communications between the ramulus utricuU et 
aacculi. 

On the deeper sections, falling in the region of the fenestra ovalis 
and below it, the diameter of the utricle appears greater than that of 
the eaccule, which, diminishing downwards, passes over into the canalis 
reuniens Hensenii. 

The utricle ia attached, in and below the projection of the fenestra 
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fiO. 15S.— Horizontal section through the vestibule above the fenert» ovalU of t, new- 
bom infHDt, — B = utriculuB : a - ampulla ext. and crista nnipullatiB dlwhareing into it ; 
r — upper apaoe of Che saoculus ; n = nerre bundlea of the raaiua vestibuli, paaung to the 
atrici^ua and the macola aciist. utrlc ; p p" = adherent wall of the laoculua ; p" = 
anterior wall of the BacCutuB ; n" = aerre bandlea pauing to the macal. actut. noouli ; 
an = nerve anaBtimoses runnini; Irom the bundle n to n". After a preparation in m; 
oaUectiou. 

ovalis, to the medial wall of the vestibule, while, between the free 
lateral side of the saccule and the lateral vestibular wall, there exists a 
considerable perilymphatic space (Steinbriigge), which is named by 
Retzius cistema porilymphatica. To become accurately acquainted 
with this space, which, below and in front, merges into the scala veatib. 
of the cochlea, and with the topographical position of the utriculua, 
* Lchrbuch der Ohrenheillcimde, 2. AuB., 1BS7, S, tSS. 
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both must be examined together on serial sections, made in a. frontal 
direction through the pyramid. Barely only does one Bucceed in 
finding, on horizontal and frontal sections, either the discharge of the 
ductus endolymphaticus from the medial wall of the vestibule into the 
two saccules (as represented by Biitteher, l.c. Plate IV.), or the con- 
nection between these by the canalis utriculo-saccularis. 

The saccules of the vestibule consist of a fibrillar layer of con- 
nective tissue, with a structureless homogeneous hyaline membrane, 
and of an epithelial layer; the former of these layers is most strongly 
developed near the macule acust. (according to Retzius 150 — 200 fi) ; 




Fig. 154, — Frontol aection through the vestibule &nd the fenestra ovalia of k Dew-bom 
infttnt. — u = utrioultis, attached to the medial nod upper walla of the vestibule ; ma = 
free, latenil wall of the utricutuig ; at = fenestra ovalis and stapee ; c — cistenia periljnu- 
phatica : D, □' a" = nerve bundles of the ramus vestibali passing to the iitriculus sod 
ampulln ; a = ampulla inlerior ; ca = crista ampullariii : f = nervus facialis. After m 
preparation in mj colIectioD. 

the latter is formed by a simple layer of pavement epithehum. At 
the maculffj acust. this passes over into a neuro-epithelium (Urban 
Pritchard), which is made up of the auditory cells, and the filiform 
cells (Hasse's isolation cells)— (Fig. 155). The auditory cells are 
bottle-shaped, have a bulging in the middle, and a process at the free 
Butfaee (Urban Pritchard). The latter formations, which have been 
t«nned auditory hairs, consist, according to Retzius, of 10 to 15 fila- 
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ments which have a length of 20 — 25 /*. The eUiptically-shaped 
nucleus lies in the bulging portion of the cell. The cylindrical filiform 
cells have a roundish nucleus placed near the base. The expansion 
of the ramus vestibuli on the saccules takes place, according to the 
investigations of Urban Pritehard (' The Termination of the Nerves of 
the Vestibular and Semicircular Canals,' Quar. for med. Science, 1876), 




in such a manner that the medullated nerve-fibres spread, under 
numerous anastomoses, in the connective-tissue layer of the maculae 
acusticie, whence isolated non-medullated nerve filaments penetrate the 
hyaline membrane, pass into the epithelium, and enter into contact 
with the base of the auditory cells (Retzius). The nerve epithelium 
of the maculse acusticie is covered by a clear, transparent semi-fluid 




substance (Steinbrugge), which after death coagulates, and, as a 
membrane, envelops the otoliths or otoconia (I — 1-i fj), consisting of 
small hexagonal crystals of carbonate of lime (Fig. 156). In the 
middle of the otoliths Schwalbe found small vacuoles. 
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2. EsxiTM/nation of the AvipitlUe and Membranous Semieiroular 
Canals. 
Tfae best aections of the ampulla super, et horizontalis are obtained 
by borizontal cuts through the upper portion of the vestibule (Fig. 
I53a), but of the ampulla inferior, oo frontal sections (Fip. lo4a). 1 
the longitudinal cut meet the ampulla in such a way as to expose its 
embouchure into the utricle and into the semicircular caual (Fig. 153), 
we tirst notice a dark stria (a) which crosses the ampulla, and, 
from a slight constriction on the outer surface of the latter, rapidly 
diminishes towards the middle. This is the point of entrance of tha 
ramus ampullaris, corresponding to which the crista ampullaris 




Fib. 1G7.— SbcUoii througli the oueoui and membr 

Bcmicirciilu' cuul ; b = plwe of AUKthioeiit o[ cbe membminuf 
devatioui on the ioDst taritee of themembmiDUp semicircoLkr o 
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from the inner surface of the ampulla. This crista divides the ampul 
space into two unequal portions, the shorter of which, direcU 
towards the utricle, is described by Steifensand as the sinus portioilj 
the longer being known as the tubular portion. The epitheliui 
wbjch in tho ampullos appears in part flattened, in part cylindricf 
shows, on the border of the crista (planum semilun., Steifensand}, higU 
cylindrical cells and a neuro-epithelium analogous to that on the macula 
^uaticie of the saccules. Especially beautiful is the appearancf 
of the structure of the crista ampullaris and of its epitboliu] 
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ifiverse sectioas of the ampulla on preparations treated with 
hyperoamic acid. 

Best adapted for the study of the structure of the membranous 
semicircular canals, and their relation to the osseous, are transverse 
sections made perpendicularly to the long axis of the canals. The 
horizontal and posterior semicircular canals are examined on frontal 
serial sections, which commence at the posterior extremity of the 
pyramid, while the superior canal is examined on horizontal sections 
through the same. 

The membranous canals, whose diameter measures about one-third 
of that of the osseous, are, as shown in the accompanying illustration 
{Fig. 157), attached with part of their walls to the convex side of the 
osseous eanal (b) (KoUiker, Riidinger, comp. p. 127), while on the 
opposite side they are free and bathed by the perilymphatic fluid. 
From the free part of the membranous canal there pass through 
its perilymphatic space, which is lined with endothelium, many 
vascular processes of connective tissue (d) (ligaments) to the peri- 
osteum of the osseous eanal. Especially numerous are these pro- 
in the new-bom infant. They are to be regarded as the 
residue of the gelatinous connective tissue which fills up the peri- 
lymphatic space of the semicircular canals in fcetal Hfe. On the 
inner surface of the canals arise numerous capillary elevations (c) 
covered with epithelium, which are wanting on the adherent portion 
of the canal (b), and at the embouchure of the semicircular canals 

' into the utriculus (Rudinger). Through these the inner superficial 
space of the canals is considerably increased. Tliey are covered with a 
polygonal epithelium which, on the band (raphe) lying on the concave 

I side of the canal, and extending into the ampulla, assumes a more 

L cylindrical form. Nerve-elements have not been proved to exist in the 

1 semicircular canals. 



 3. Histological Examination of the Memhranoua Stmctu/rea and of 
the Terminal Apparatus in tlie Cochlea. 
The histological examination of the cochlea is most frequently made 
on sections carried parallel to the long axis of the modiolus, either in 
a &ontal or in a horizontal direction throiigh the pyramid. Most 
instructive are those which pass through the modiolus in its entire 
length from base to apes, because, on them, not only all the convolu- 
tions are met in their greatest extent, but also the course of the 
ramus cochleiB in the modiolus, the disposition of the ganglion 
spirale, and the entrance of the twigs of the cochlear norve into 
the lamin, spiralis, and from here into Corti'a organ, are brought most 
clearly imder observation. We ought, however, not to omit to fti.\Ka&. 
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our investigations, also to transverse sections directed vertically to 
the long axis of the modiolus, in order to gain a clear knowledge 
of the arrangement of the nerve bundles and bloodvessels in its 
osseous canals, as well as of the relations of these bundles to the spiral 
ganglion. Since, in sections made parallel to the long axis of the 
cochlea, Corti's organ is only represented in profile, it Bhould also 
be examined on surface preparations, these being the only ones oa 
which it is possible to study the dentate projecting borders of tha 
crista spiralis, the arrangement of Corti's pillars, the formation of th» 
lamina reticularis, etc. Especially suitable for this purpose ara( 
labyrinths which have been fixed in osmic acid or chloride of gold, and 
on which, after sufficient hardening in alcohol, the cochlear capsule ii 
broken open, the lamina spiral ossea et membranacea carefully 
detached with a needle, and placed upon the glass slip to be examined 
after the usual methods. 




Flo. l!iS, — Sectfan through the lowur coavDiution of the coehlHA of a new-born infknL-^ 
Sc V = Bcala veatibiili ; So.t = scala tymp. ; k = luninB apirftl. osaea ; b = Umin 
baail&ris ; 1 ^ ligamentum triangulare ; R — membntns ReinKneri ; Cc — canalia aodli 
leatia ; o = Corti'a orgao ; m — CoicI'b mtitnbriine ; n = fiuciculusof tbe tuddb cochlea jj 
gs = ganglion npirale. After t, preparation in my collection. 

The study of the details of the complicated cochlear structure 
must be preceded by a general superficial examination under lonj 
magnitying power. A section of one of the coils, enlarged forty I 
fifty times, is sufficient to see the extent and position of both scala 
(Sc. v.. So. t.) of the canal, cochlearis (Cc), with the terminal apparatui 
of the acoustic nerve, and the ganglion spirale (gs). To make thi 
subject clearer, we hero give a short description of the section of om 
of the cochlear convolutions. The cavity of the cochlea (Fig. 158) i 
divided by the lamina spiralis (k, b) into the scala vestibuli (Sc. v.) a: 
the scala tymp. (Sc, t.). The scala vestib. leads immediately into i 
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Testibule ; the scala tjTup. is closed at the lowest convolution by the 
membrana fenestrie rotunda;. The two scal^ are in communication 
at the apex of the cochlea. The osseous portion of the spiral lamina 
(k), a plate of bone springing horizontally from the outer surface of 
the modiolus, consists of two lamella; connected by vertical bridges, 
which enclose the nerve bundles, passing from the ganglion spirale 
(gs). From the free border of the lam. spiral, ossea arises the mem- 
branous plate (b), which is attached to the projecting triangular 
ligam, spirale (1). On the membranous spiral plate three portions are 
distinguished : the inner, which is perforated by numerous openings 
for the passage of the fibres of the nerv, cocbL (zona perforata, p) ; the 
imiddle portion, supporting the organ of Corti (zona arcuata) ; and the 
-outer finely-striated portion (zona pectinata). 

The scala vestibuli again is divided by Reissner's membrane (R), 
passing obliquely from the crista spiralis to the outer wall of the 
cochlea, into two parts, of which the one, formed by the membrana 
basilaris, the external cochlear wall (stria vascularis), and Reissner's 
membrane, is termed the canalis s. duct cochlearis (Cc). This canal, 
which is lined with epithelium, contains the terminal apparatus 
proper, is filled with ondolymph, and, communicating below through 
the canalis reuniens Hensenii with the sacculus, ends in a cul-de-sac 
at the cupola of the cochlea. 

When we have become acquainted with the position of the various 
structures in the interior of the cochlea by slightly magnifying them, 
we pass on to the examination of the details of Corti's organ, and of 
the cochlear membranes, using a higher magnifying power. 

The situation of Corti's organ is best demonstrated by profile 
vie^re of a greater number of microscopic frontal sections. We see 
(Fig. 159) on such sections, at the upper surface of the outer portion 
of the osseous spiral plate, a tuberosity (H — crista spiralis, Huschke), 
which is caused by the thickening of the periosteum, and, with its 
dentate edge, somewhat resembles a cock's comb. It roofs over a 
spiral canal (sulcus spiralis int.), lined with cubical epithelium (k). 
The upper sharp edge of the crist. spiral, is known as the labium 
vestibulare ; the lower, which passes into the membr. basilar., as the 
labium tympanicum. 

Externally from the sulcus spiralis lies C'orti's oi^an proper. 
This consists of a row of inner (C), and a row of outer (C), slightly- 
curved rods (fibres of Corti), which rest with their lower extremities 
upon the membrana basilar., while their upper ends have a joint-liko 
connection. These two rows of rods form Corti's arch. In the lower 
angles formed by the rods and the lam. baail. lie two row,« "f "^nndish 
nucleated cells (floor cells). 
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The rods of the outer row have, at their upper extremities, 
lamelliform processes, directed outwards, to which is attached a net- 
like fenestrated membrane, the lamina reticularis (r). It roofs over 
the outer row of Corti's fibres, and the so-called cells of CnrtJ, or 
outer hair-cells (iih). These structures (Z) are, in the human subject, 
arranged in four or five parallel rows (Gottstein), and connected 
with the terminal fibres of the acusticus through small nerve pro- 
cesses. With their lower attenuated ends (Gotlstein's basal process), 
which, according to Bottcher and Baginsky, do not belong to Deiters's 
cells, they are fastened to the membrana basilar., while their upper 
broader extremities, provided with auditory hairs, project through 
the openings of the lam. reticularia A row of inner hair-cells (ih) is 
placed before the sulcus spiral, int., immediately in front of Corti's 
inner pillar. With Corti's cells are connected those named after 
Deitera (D), the broader ends of which are directed downwards. Ex- 




FlO. 159,^Terniiiu] apparatus of the nunua oochles. iritb Cnrti's organ, in the bnnu 
ject.— o = lamin. Bpiral. osBeft, with the nerva bundle of the nmna cnchL : |il = 
gpir. membr. ; H = tooth of Huacbke {otiata ipirol.) ; o — inner pillar nf Corti . 
outer pilbr of Corti ; r = lamina retjcul*ri> ; Z = Corti's Cella : D = Vetten't ealhlj 
Ih - inner hair-cell ; iih - four outer hiir-cetlt ; e - radial tunnel fihtes of the 
oochl. paniinR to the Cella of Corti ; Ic - cellg of the eolcus »pirftli» int.; CI 
BUpporting oclte ; oro = Corti's membrane ; vb = vu spiralo. After RetiiiuB. 

temally to the last row of Corti's cells lie the supporting colls (CI) ol 
Hensen, which pass into the epithelium of the outer wall of the 
ductus cochlearis, 

Corti's organ is roofed over by the firm striated membrane (cm) ol 
Corti. It arises near Reissner's membrane from the crista spiralis, 
and terminates, as is generally supposed, at the outer boundary of the 
sensory cells of Corti's organ ; it is, according to Bottcher (A. f. O., 
Bd. xxiv.), attached to the surface of the terminal apparatus of the 
acusticus. 

Reissner's membrane presents a homogeneous structure inter- 
spersed with spindle-shaped cells. The side turned towards the canaL 
cochlearis is covered by a flattened epithelium, the upper side by ttoi 
endothelium. 
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I The histological examination of the labyrinth in pathological cases, 
tax the importance of which we laid due stress in the introduction 
to this work, is made according to the methods observed with the 
normal labyrinth; only the mode of fixation of the tissue-elements 
differs in a slight degree, since in the examination of pathological 
labyrinths we mostly use chromic acid and its salts (the fixing fluids 
of Vlakovic, Urban Pritchard, and Miiller's solution, p. 195), rarely 
only hyperosmic acid and chloride of gold. 

By cutting the labyrinth into microscopic serial sections we not 
I only gain information as to the structural changes in its various 
I portions, but, through the successive sections, also a representation of 
|:the extent of the morbid process. We employ, by preference, frontal 
Ktious made through the pyramid, from the apex of the cochlea to 
I the posterior extremity of the horizontal semicircular canal, because 
I this direction of the cut is more favourable for simultaneous examina- 
I'tion of the two labyrinthine fenestra;. Yet there are cases where 
horizontal sections are preferable, especially when the continuity of 
pathological products in the vestibule and in the cochlea are to be 
brought under notice in one section. 

tThe histological dissection of the labyrinth is always to be 
Undertaken where, during life, symptoms of an aSbction of tho 
auditory nerve had existed, no matter whether it appeared primarily, 
or complicated with middle-ear disease. It is true the examination 
often gives a negative result, but much more frequently than is 
generally supposed, one finds more or less strongly pronounced 
pathological changes in the labyrinth, which are recognised as the 
cause of the impairment of hearing during life. We need only refer 
to the hiemorrhages and purulent exudations in the labyrinth, to 
the new-formations of connective tissue and bone, to the retro- 
gressive changes in the ganglion cells of the gangl. spirale, in the 
terminal expansion of the ramus cochlea in the cochlea, in Corti's 
' oi^an, and in the macul. acust. of the vestibular saccules. 






BIST0I.0OICAL EXAMINATION OP THE INTERNAL AUDITOHT MEATUS AND 
OF THE ACOUSTIC NERVE. 

The internal meatus and the acoustic nerve are histologically ex- 
amined on longitudinal and on transverse sections. On longitudinal 
sections, which pass horizontally through the decalcified pyramid 
and expose, besides the internal meatus, also the vestibule and 
cochlea, the direction of the course of the acoustic nerve in the 
pyramid, tho division of the nerve trunk into the posterior upper 
ramus vestibuh and the anterior lower ramus cochleie, appear sharply 
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marked (ootnp. Figs. 100 and 101, p. 127). The vestibular branch 
shows, in the neighbourhood of the iufundibulum of the internal 
meatus, a grajish-red swelling, which contains numerous ganglion 
cells, the intumescentia ganglioformis Scarpfe. The upper portion of 
the ramus vestibuli runs iu an outward direction in the osseous 
mass between the cochlea and the vestibule, and, describing a 
alight curve backwards, enters through the maculie cribrosie of the 
recess, hemiellipt. into the vestibule, to give oft" small twigs to 
the recess, utriculi and to the ampuUie of the superior and horizontal 
semicircular canals. The lower portion of the ram. vestibuli (the 
ramus medius of Schwalbe) divides into two small branches, the 
upper of which also runs forward in the osseous mass between the 
cochlea and vestibule, enters the latter and proceeds to the neuro- 
epithelium of the macula ocust. saccuH ; while the lower branch 
passes separately to the crista ampullar, of the inferior ampulla. 
The bundles of the ramus cochleju pass through the openings of the 
tract, spiral, foraminul., in part directly to the iirst convolution 
of the cochlea, in part to the nerve-canals of the modiolus, and 
from here to the lam. spiral, ossea. Between the tibrous bundles 
of the modiolus and the lamina spiralis we find, on the periphery 
of the former, an extensive ganglion layer (zona ganglionaris) in- 
terposed (Fig. 158), which hes in the sharply defined canal of 
Rosenthal, and appears oval in the section (Fig. 160). Into the 
lower portion of this ganglion layer the nerve bundles n n' n" enter at 
various spots, and pass, after numerous connections with the ganglion 
cells at the upper extremity of Rosenthal's canal, into the lam. 
spiralis. 

In the spiral plate, the nerve bundles, which are through numer- 
ouB cross anastomoses, in plexiforra connection, run with their 
non - meduUated fibres between the two osseous lamellaj to the 
habenula perforat. of the lower surface of the basilar membrane, 
pass from here thi'ough numerous openings on the upper surface of 
the same to the ductus cochlearis, and dividing, according to the in- 
vestigations of Waldeyer and Gottatein, into very tine, in places 
knotty terminal fibres, become connected with the inner hair-cells, 
and, through the gaps of Corti's arch, with Corti's cells, or outer hiur- 
cells. 

For the purpose of making transverse sections of the internal 
meatus, of the acoustic nerve and n. facialis, the pyramid, after having 
been subjected to one of the usual methods of fixation, and then 
carefully decalcified, is embedded in celloidiu, whereby alone sections 
of [the nerve can be kept in niiu. in the preparation. Through 
such serial sections, extending from the entrance of the porua acust. 
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int. to the floor of tlie internal meatus, we obtain a correct idea as 
to the topograpbical position of the n. acust, to the n. facialis in the 
various portions of the internal meatus, and of the normal relationship 
of the transverse sections of the nerve fibres with their sharply defined 
asis-cylindors. Such knowledge is all the more important, as it enables 
us to judge of the altered appearance of the acusticus in patholujjical 
thickening, connective-tissue proliferation, atrophy, adipose and colloid 
degeneration ; also of the relations of any neoplasms in the internal 
meatus and auditory nerve ; of the localization of purulent inflam- 




Flo. ISO. — Section of KaaeuthurB cannl aud o! the piTi);liDn Bpirale.— a = gan)(1JoD cells of 
the gangl, B)rir., lying in Rosenthal'^ canaJ i b b' b" = IhrBt MpftnLte nerve buiidlae of the 
ram. uochl., entaring the gangl. jpir. ; o = nerve bundle passing out of tha upper pnle of 
tlie gangl. apir. ; d — entrance of thin handle ioto Ihu Um. apir. aintea. After a prepara- 
CioD in luy collection. 

mations in the internal auditory canal (tJradenigo) ; of thickenings 
and calcifications of its lining membrane ; of exostoses, etc, 
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TEE AQUEDUCTS OF THE 



The histological examination of the aqueducts Js not attended with 
any special difficulty if the sections be made in a perpendicular direc- 
tion to the long axis of the canals. For obtaining transverse sectione 
of the intradural sac of the aquicductus vestibuli, the an,iA QJ^ g 
decalcified preparation, with the dura mater io 
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into two parts by a sagittal longitudinal cut ; the inner half is then 
embedded in celloidin, and the preparation, from the lower portion of 
the sinus transversus as far as the vicinity of the poms acusticus 
intern, (p. 132), sliced in serial sections, which are carried nearly 
vertically to the long axis of the pyramid. The same mode of trans- 
verse sectioning is also employed in the examination of the narrow 
intratemporal part of the aquieductiis vestibuli, which, as we have 
seen (p. 1-10), describes, in the osseous mass situated in front of the 
sagittal semicircular canal, a slight curve from the apertura extern. 
aquaiductus vestibuli up to the embouchure into the vestibule. It is 
only seldom possible to obtain by frontal cuts through the petrous 
bone a longitudinal section of the entire intratemporal portion of the 
aquuiductiis vestibuli. 

To make transverse sections of the aquieductus cochlece on a 
decalcided pyramid, the funnel-shaped dilatation of the aqueduct is 
to be looked for at the inner border on the inferior wall (see p. 134), 
and from here the short canal is divided in a series of sections up to 
its opening into the scala tympani. On frontal serial sections of the 
cochlea I succeeded several times in obtaining the entire longitudinal 
section of the aqussductUB cochleas. 

Of the pathological changes in the aqueducts of the labyrinth little 
is as yet known. 

TOPOGRAPHICAL SEltlAL BECTIONS OF NORMAL AND PATHOLOGICAL 
ORGANS OF HEABINQ. 

When making topographical serial sections of the organ of bearing, 
it is best to employ, for fixing the tissue-elements, Miiller's fluid or 
Vlakovic's solution (chromic acid and akoho! hardening, p. 195); for 
decalcification, the solution of nitric acid and chloride of sodium 
(p. 201) ; and for embedding, celloidin. As the bulk of the object to 
be examined is considerable, it should be exposed longer to the action 
both of the fixing- and decalcifying-fluids than smaller objects. Rapid 
decalcification especially must be guarded against, on account of the 
bone nuclei, which it is difficult to get rid of. After decalcification, 
the preparation is freed from acid by irrigating in a stream of pure 
water for several hours ; it is then placed in dilute alcohol, and only a 
few hours before embedding in celloidin must it be Immersed in 
absolute alcohol. To allow the celloidin to completely fill up all the 
cavities of the temporal bone, the togmen antri mastoid, is broken 
open, and an aperture filed in the superior semicircular canal. Not 
until the prepnration has been for -several days in the thin-fluid 
celloidin solution should it be transferred to a more concentrated 
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one, and after two to three days more to the syrupy solution, where it 
is to be embedded. 

For the purpose of obtaining topographical serial sections of the 
auditory organ, it ia cut either in a horizontal or a frontal direction 
by means of the microtome. For the study of the normal relations 
both methods recommend themselves, as their results supplement one 
another. 

Information as to the topographical representations which are to 
be obtained from horizontal and frontal serial sections of the ctir may 
be gathered from the previous description of the sections through the 
temporal bone (p. 33), and from the topographical sections of the organ 
(p, 147), so that a detailed account may here be dispensed with. It is 
sufficient to remark that the diameter of the tympanic cavity in the 
horizontal and frontal planes, the topographical position of the ossieula, 
the arrangement of their ligaments, and the relative position of the 
middle ear to the labyrinth and its membranous structures, can by no 
other method be so accurately and instructively demonstrated as by 
these serial sections of the entire auditory apparatus. But as this 
presents in the new-bom infant peculiarities difi'ering in some respects 
from those in the adult, it is recommended, for purposes of com- 
parative study, and for estimating pathological serial sections, to 
prepare organs of both kinds. The great value of these sections 
requires, after what has been said, no further proof. 

For demonstrating microscopical sections as preparations to be 
examined with the magnifying lens, a method rany bore be mentioned 
which I make use of before large classes. With a sharp knlfa or a 
fret-saw two or three square holes are cut side by side in the upper 
third of the wooden lid of a common cigar-box (22 cm. by 13 cm.). 
The diameter of these openings measures about 2 cm., so that they 
are a little larger than an ordinary cover-glass. As they are cut 
according to the width of the board, there is a distance of 2 em. 
between them. The front of the lid is covered with dark-coloured 
embossed paper, the back with smooth black paper, and in this 
covering holes are cut which correspond to those in the wood. 

The preparation to be examined is now fastened on the board in 
the following manner; The slide, with its cover-glass directed towards 
the front, is so placed against the back of the wood that the circum- 
ference of the cover corresponds to the square aperture in the board. 
After this, the slide is pasted over with a piece of black glazed 
paper which has been gummed and cut out to correspond with the 
square openings in the board in such a way that the edges of the 
paper overlap tliose of the slide. By this means two or three prepara- 
tions can be fi-^ced side by side on one board, so that, if held against 
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the light and examined with a Ions, they show the exact anatomical 
and pathologico- anatomical details in their rough outlines. In order 
to avoid inconvenience while the preparations are being passed from 
hand to hand in the class, each board should be provided with a Ions 
fastened with a piece of cord about a foot long, A short written 
description, or an enlarged drawing of the ohjects, gummed below the 
apertures, will be of assistance. 

IX. 

Histological Examixation of the Central Course of thf. 
AiJousTic Nerve. 

The histological examination of the medulla oblongata on transverse 
sections is, for the study of the topographical relations of the acusticus 
and its nuclei, so far of importance to the otologist, as it is only by the 
knowledge of the complicated relations of the central course of the 
nerve that he will be enabled to judge of the congenital anomalies and 
arrest of development in the region of the central origin of this nerve, 
and of the primary and secondary pathological changes occurring 
therein. 

For the investigation of the central origin of the auditory nerve in 
the medulla oblongata, of the intra-cerebral course of the fibres of the 
acusticus and of the acoustic cortical areas in the temporal lobe, the 
chrome-hardening and fixing methods are best adapted. Most fre- 
quently Miiller'a fluid (kal. bicbromici 2.0, natr. sulfurici 1.0, aqu. dest. 
100.0) and Erlitzki's solution (kal. bicbromici 2.'>, cupri sulfurici 0.50, 
in]u. dest. 100.0) come into use. 

Perfect hardening of these central organs in Miiller's fluid is a very 
slow process, and often takes weeks and months to accomplish. 
Frequent changing of the fluid is the safest means of insuring 
homogeneous and rapid haidening of the parts of the brain. This 
, according to Weigert, materially shortened in the drying ap- 
paratus, under a temperature of 30-40" C. Erlitzki's method effects 
)r6 rapid hardening. To guard against the formation of mould, and 
to better preserve the preparations, it is well to add a little camphor 
lo the above-mentioned fluids. 

The examination of the nuclei of the acusticus, and of the course 
of its fibres in the central organ, requires special staining methods, of 
which especially those recommended by Weigert and Pal have been 
found to yield excellent results.* 

" CoiDpare Heinrich Oberateintra exoeltent work : 'Anleitung beim Studium des B>u«* 
r nervii>en CeQtr»lorg«ne im graunrlen und Jtnuiken ZuiUnde.'— Leipzig und Wian, IS68, 
S. 13 u. IS. 
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1. weigeht'3 method. 

The organs, hardened in Miiiler'a fluid, are, without being washed, 
placed in alcohol, then in a solution of acetic oxide of copper (two 
days), then again in alcohol; after that, cutting. Staining in hfcma- 
toxylin 1.0,* alcohol 10.0, aqu. dest. 90, lithium earb. cone, solut. 1.0 
two to four hours, until the whole is stained black; decolorization in 
borax 2.0, ferridcyanka), 2.50, aqu, dest. 200.0. Washing in watir, 
etc. 

The meduUated fibres appear deep blackish-blue, axis-cylinders, 
gmiglion cells and nuclei bright yellow, almost colourless. Gray suit- 
stance shows yellowish- white, white substance black. 

2. pal's method. 
A method for the investigation of the central nerve-system, which 
has of late been frequently employed, and which in some respects 
differs from Weigert'a, is that of Pal, a short description of which is 
here given. 

1. The object 13 hardened in Aliillor's fluid, which must be fre- 
quently renewed. 

2. The hardened preparation is cut under alcohol instead of uncer 
water, which is to bo avoided, 

3. The sections are stained in the following solution: Rp. hieoia- 
toxylin 1, alcohol 10, water 90. The ha^matosylin solution must lie 
an older one. If fresh, it should have a small quantity of lithium 
carbonicum added to it, 

4. The sections remain for one day in the cold staining me<liuin, 
and for an hour in one heated to 3.!i-75° C, 

5. Washing of the sections in water, and transferring them to a 
solution of permanganate of potash (0.25:100), where they rema'n 
until differentiation of the tissues begins to be noticed. 

6. Washing of the sections in 1 part kalium sulphurosum, 1 part 
oxalic acid, 200 parts water, until the brown colour of the preparatious 
has disappeared. 

7. Washing in alcohol 1 part, xylol 3 parts, and carbolic acid 
.'J parts. 

8. Clearing up in oil of cloves, and mounting in Canada balsam. 
As regards the position of the auditory nuclei and the central 

course of the n. acusticug, we shall here follow in our description the 
excellent work of S. Freud, ' L'eber den Ursprung des X. acusticus," 
M. f. 0., ISSU, Nr. S u. 9, of which notice was taken iu my Lehrbuch, 
2 Aufl., 1«87. 
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I NUCLEI AND BOOTS OF THE N. ACDSTICUS. 

A tranverse section through the medulla obloogata in the lowest 
planes of the acusticus (Fig. 161), through the tip of the great olivary 
body, shows that this nerve occupies the outer area of the oblongata, 
which extends to the great ascending root of the trigeminus (V), and 
contains the section of tho restiform body (Cr). Internally and 
superiorly (dorsal) from the latter lies, beautifully marked against the 
gray mass, an area (l)k) which has been described as the inner portion 
of the pediinculus cerebelli, but assigned by Freud to tho acusticus, 
and which is known as Deiters's nucleus. In the outer central corner 
of the section lies a large nucleus of the auditory nerve, the anterior 
or external nucleus (fie). 

On transverse sections made a little higher, we meet with bundles 
of the acusticus, which cross the restiform body (VIIL) and have led to 
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the supposition that the nerve arose out of that fibrous mass. Other 
portions (VIIIj) of the nerve, which occupy the space between the 
anterior nucleus and the section of the great root of the trigeminus 
(V), pass over direct into the lateral region of the gray floor (8i). 
These fibres, the most medial portions of the nerve, do not belong to 
the acusticus, but to the vestibular nerve, which is connected with it. 
The planes, in which the course of the vestibular nerve is to be seen, 
are the lowest ones of the pons. The medulla oblongata here appears 
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connected, through the brachium pontis, with the CGrebellum; the 
roots of the n, facialis (Figs. 103 and ICl, VII) and of the n. abducens 
(Fig. 164) occupy the inner areas of the oblongata. The nucleus of 
Deiters (Figs. Itj2 and 163 DK), or the inner portion of the pedunculus 
cerebelli, can here no longer be demonetrated. The fibres which it 
contained have curved over into the acusticus (Fig. 1C3, Villa, 
Roller). The boundary between the tegmental region and that of the 
pons is given by a large cross bundle, the corpus trapezoides (Figs. 163 
and 164, Ctrp), which, while lying free in animals, can also be plainly 
distinguished in the human subject, although covered over by the 
fibres of the pons. It arises from the anterior auditory nucleus, is 
therefore an indirect continuation of the acoustic nerve proper, and 
the middle line. It terminates, at least in part, in a gray 
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mass lying above it, the superior olivary body (Figs. 163 and 164, oO), 
which manifests itself, through its connections, as the reflex ganglion 
of the acusticus (Freud, Bechterew), Other central connections of 
the acoustic and vestibular nerves pass, as curved fibres (fibrie 
arcuatiE), beyond the raphe. Among these, special attention has 
always been directed to the so-called striic acusticic, which are visible, 
with varying distinctness, on the floor of the sinus rhomboideus. 
They have, however, not the significance of auditory roots, but "' 
central continuat' ibly from the anterior nucleus, Aa 
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origin and the central continuations of the n. acuaticus, the following 
is known, according to the investigations of S, Freud. 

The n. acusttcus (labyrinthine and veatibular nerve) arises from 
the already described gray substance of the medulla oblongata, and 
displays the typical relationship of a posterior spinal root. Ita 
central continuations pass mostly beyond the raphe of the oblongata. 
The outermost and most posterior portion of the nerve (A'lII,), the 
acusticus proper, terminates in the great anterior nucleus (Fig. 161, 
8e). Its continuation from here is to be foimd partly in bundles 
(Fig. ICl), which pass round the restiform body, then backwards 
towards the raphe, and whose further course is not quite known 
(striie acustioe, connections with the inner nucleus), partly in the 
lai^e cross bundle of "he corpus trapezoides (Ctrp). This mass of 
fibres is composed of several constituents ; one part of them connects, 
according to Flechsig, the anterior auditory nuclei of both sides with one 
another, a second bundle runs to the superior olive of the same side 
(Fig. 164, Ctrp), a larger bundle to the crossed superior olivary body. 
It is supposed that other bundles pass out of the corpus trapezoides 
into tho interolivary layer, and descend towards the spine (Freud). 
The superior olivary body appears to bo the glanglion for the reflex of 
auditory impressions on the movements of the eyes, as it is connected 
with the nucleus of the n. abducens through its so-ciillod peduncle 
(Fig. 164, oOSt), and with tho posterior corpus quadrigemina through 
the ' lateral loop.' The latter connection was first recognised by 
Flechsig and Becbterew, and demonstrated by Baginsky through 
experimental degeneration. The further course of the acusticus, 
from the posterior corpus quadrigemina into the inner capsule, requires 
investigation. 

A second portion (Fig. 1(J3, VIIIj) of the n. acusticus unites with 
those fibres which pass through and arise from the nuplous of Deiters 
(UK). This portion is morphologically quite intelligible, as it 
represents an ascending root (Roller, Freud), such as are also met 
with in other nerves (trigeminus, vagua). But of its physiological 
significance nothing is known. 

A third portion (Fig. 104, VIIIj) — the medial and uppermost 
fibres — constitutes the nerve of the semicircular canals. It runs 
partly through the restiform body, partly inwards from the same, and 
terminates in the inner acoustic nucleus, which, after disappear.ince 
of the nucleus of Deiters, occupies its space (large-celled nucleus). 
Other connections of the vestibular nerve known ars : curved fibres to 
the nucleus of the abducens (Fig. 164. .;) and beyond the raphe, 
occasioning the reflex movements of the eyes in vertigo (the fibres 
beyond the raphe possibly represent the central continuation in the • 
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cerebellum) ; a fasciculus to the interolivary layer, descondiag towards 
the spine ; and curved bundles, which pass round the lateral wall of 
the ventricle, to the crossed central ganglion of the cerebellum (roof- 
nucleus, spheroidal nucleus, nucleus emboliformls), 

Maeroscopical preparations of the medulla oblongata for the demon- 
stration of the strife acuslicLU on the floor of the sinus rhomboideus, 
and of the exit of the trunk of the n. acusticus from the raed. ohl., are 
to be placed for several hours in a weak solution of chloride of zinc 
( J%), and then soaked in pure glycerine for ten to fourteen days, The 
morbidly changed oblongata (tumours, etc.) may be subjected to the 
same method of preservation. If the preparation be placed in a 
shallow glass dish and covered with a glass shade in such a way that 
no dust can penetrate into the enclosed space, the object will retain 
for years its normal shape and colour. 

The microscopical dissection of the medulla oblongata and of the 
temporal lobe in pathological cases is always advisable whenever the 
examination on the hving subject pointed to a central afi'ection of 
the acusticus, or where, during life, a high degree of deafness had 
existed which was not accounted for by the residt of the autopsy. 
Especially with deaf-mutes should the examination of the med. 
oblong, not be omitted, no matter whether the deafness was congenital 
or brought on after birth by serious diseases of the middle ear 
(diphtheritis scarlat) and of the labyrinth (parotitis), or lastly, by 
meningitis, eerebro-spinal meningitis and hydrocephalus. In the 
adult, the examination must bo extended to the medulla oblongata 
end the temporal lobe, if, during life, the disturbance of hearing whb 
complicated with cerebral symptoms, or with aphasia; also with deaf- 
ness the result of meningitis, hydrocephalus, apoplexy, and tumours 
of the brain. But also in deafness of many years' standing, caused by 
oarious-necrotic destruction of the labyrinth, by obliteration and 
ossification of the labyrinthine cavity, the oblongata must be subjected 
to microscopical examination, because, as we have seen {p. 2()i), 
destruction of the labyrinth in animals (Baginsky) leads to microscopi- 
cally perceptible secondary changes in the nuclei of the acusticus. 
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